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From tlie Hormone Department 
of the State Scrum Institulc, Copenhagen. 

INVESTIGATIONS INTO THE QUANTITATIVE 
DETERMINATION OF ANTIHORMONES 
AGAINST PREGNANT MARES’ SERUM 
HORMONE") 

BV 

CHRISTIAN HAMBURGER and ERLING 0STERGAARD 

It is a well-known fact that certain hormones can give rise 
to the formation of inhibitory substances in Ihc blood. The 
conditions necessary for the formation of these >'anli- 
hormoncs« are, 1° that the hormones originate from a species 
other than that of the experimental animal, 2° that they are 
related to the proteins, and that they arc given for a suf- 
ficient length of time. The most important antihormones arc 
those which antagonise the action of gonadotro})hins and 
Ihjn’otrophin. 

Since the formation of antihormoncs active against preg- 
nant mares’ serum gonadolroj)hin plays an important role in 
the therapeutic action of this substance, the dclenninalion of 
inhibitory substances in the blood scrum is of practical value. 
The comparison of the inhibitory activity of various serum 
specimens is obviously desirable, and hence the question of 
a quanlitalivc assay is of groat signi fiance. 

The presence of anligonadolrophic substances in the serum 


) Paper given at the meeting of llic Scandinavian Societies foi- 
Endocrinology in Slocklioim, Sep(omJ)or 25 — 2G, lOiS. 
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is usually determined as follows; one group of animals pre 
ferably immature female rats or mice, are injected simul- 
taneously with gonadotrophin and the serum specimen, and 
another group with the hormone alone. The decrease in the 
ovarian or uterine weights of the serum-treated animals, as 
compared with those injected with gonadotrophin alone, or 
the morphological appearance of the ovaries, serve as criteria 
of the antigonadotrophic action of the serum. The hormone 
preparation and the serum are injected separately or after 
mixing. The assay can be performed in several ways: The 
animals receive a constant dose of gonadotrophin and different 
amounts of serum, and the smallest amount of serum which 
completely inhibits the action of the hormone is determined. 
Or, the serum dose may be kept constant and the amount of 
hormone varied; the largest amount of gonadotrophin which 
is completely inhibited is then determined. The activity of 
the antiserum can also be calculated from the results of ex- 
periments in which only a partial inhibition of a certain dose 
of gonadotrophin was obtained, provided that dose-response 
curves are available. 

Most investigators have measured the activity of anti- 
gonadotrophic sera using the above-mentioned methods (Row- 
lands & Spence, 1939, Zondek & Sulman, 1942, and 0stergaard, 
1942; further references are found in these publications). The 
validity of the determination of an antigonadotrophic »titer« 
of serum specimen is, hoxvever, dependent upon the following 
assumption: it presupposes that when 0.1 ml. of serum is 
found to be the smallest dose which neutralizes 1 mg. of a 
gonadotrophic preparation, one millilitre should be the smal- 
lest dose which neutralizes 10 mg. of this gonadotrophin. The 
truth of this assumption has, to our knowdedge, never been 
proved, and it is the aim of the present investigation to throw 
light on this problem. 

MATERIAL AND TECHNIQUE 

All the experiments described in the present communica- 
tion were carried out with a single sample of mares’ serum 
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gonadotrophin and a single specimen of antigonadotrophic 
serum. The hormone used was a commercial preparation, 
Antex Leo*) No. 460910, which, diluted with lactose, had an 
activity of 12.5 I.U. per milligram. The antiscmm (No. 
368/47) was a pooled specimen from 4 adult rabbits treated 
for two months with daily subcutaneous injections (except on 
Sundays) of 10 mg. of Antex F 368, the total dose being about 
2400 I.U. The serum was stored in small vials in the refri- 
gerator at — 11 to — 20° C. Preliminary experiments with 
several other pregnant mares’ serum gonadotrophins and other 
antisera have given results similar to those reported here. The 
experimental animals were immature female rats from the 
breeding colony of the State Serum Institute; they were used 
when 26 to 28 days old. The animals received 5 subcutaneous 
injections of mixtures of hormone and serum or dilutions 
thereof over a period of 48 hours. Uterus and ovaries were 
weighed at autopsy about 96 hours after the first injection. 
The present experiments were performed on 574 rats, injected 
with hormone and serum, and 215 rats, used for the determina- 
tion of the dose-response curves for the Antex preparation. 


RESULTS 

The dose-response curves (uterine and ovarian weight in . 
rats) for Antex No. 460910 are shown in Fig. 1. From these 
curves it is possible to calculate the amount of gonadotrophin 
to wliicli the uterine and/or ovarian weights in the animals 
treated with hormone + serum correspond. An antihormone 
assay with constant hormone dose and different amounts of 
antiserum is shown in Fig. 2, In this and the following dia- 
grams the interrupted lines indicate the uterine and ovarian 
weights for the hormone alone, the while and black circles 
represent the uterine and ovarian weights actually found in 
the animals treated with hormone + serum. The average 
values are obtained from at least 3 and at most 33 rats. From 


*) The authors were kindly supplied with the Antex 
by havens kciniskc Fabrik, Copenliagen. 
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Fig. I.. ' 

Uterine and ovarian dose-response curves for the pregnant marcs 
serum gonadotrophin A7}1.c.t Leo No. 4C0910. Tlie arrow indicates the 
nosilion for 1 I.U. of tlie preparation. Ordinate: Organ Avcighl in mg. 
Abscissa: Dose of gonadotrophin, log. scale. Test animals: immature 




Fig. -2. 

Uterine and ovarian weiglit curves obtained in rats treated with a 
constant amount of Antex and different quantities of antiserum. 
White circles: average uterine weights. Black circles; average ovarian 
weights. Interrupted lines: organ weights obtained with tlie hormone 

alone. 


Fig. S. 

Uterine and ovarian weight curves obtained in rats treated with 
different amounts of An(c.r and a constant dose of antiserum. (See 
also legends to preceding figures.) 

Fig. h. 

Uterine and ovarian weight curves obtained in rats treated with 
An(cx and antiserum in constant proportions. (See also legends to 

Fig. 1 and 2.) 


Fig. 2 il can lie .seen that 0.125 ml. of scrum has no significant 
effect on the organ weights. 0.25 ml. decreased the ovarian 
weight to 14S mg. which, according to the dosc-response curve, 
is equal to 2.6 mg, of the Anlcx prcjiaration, i. c. lliis senim 
dose has inhihilcd l.-l mg. of the -l.O mg. of Antex. One ml. 
therefore, ought to neutralize a. 6 mg. of llic preparation Inil 
actually this dose did not inhihil the -l.O mg. given. Comjiiclc 
inhibition docs not occur until the dose of serum is increased 
to 2 mb There is thus no sinqilc relalion between dose and 
effect produced. This fact is also evident from an experiment 
in which the rats received a constant amount of antiserum and 
different doses of hormone (Fig, 3), since 0.25 mb of serum 
neutralized l.-l mg. when mixed with TO mg. of Antex, though 
the same dose of scrum did not comiilctely inhibit 1.0 mg. 
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Fig. 4 gives the results of another experiment in which the 
ratio between the amounts of hormone and serum w^as constant 
at all dose levels. If there existed any relation between dose 
and effect the dose-response curves should be identical with 
those for the hormone alone, the curves being merely shifted 
horizontally to the right. The shape of the curves, however, 
is appreciably altered; this is especially the case for the 
ovarian weights of the rats treated with 6, 8 and 16 mg. which 
are disproportionally low. 

The average ovarian and uterine weights found at each of 
the combinations of Ant ex and antiserum in the whole investi- 
gation, together with the number of rats used, are given in 
Table 1. By means of the dose- response curves it is possible, 
for each combination, to calculate the effective amount of 
hormone left in the mixture. By subtracting this value from 
the dose of hormone injected, the amount of gonadotrophin 
inhibited by the dose of serum can be found. If the »titer« of 
an antigonadotrophic serum is defined as the reciprocal value 
of the smallest amount of serum, measured in ml., which in- 
hibits 1 I. U. of the gonadotrophin (e. g. the »titer« is 32 when 
1/32 ml. serum neutralizes 1 I.U.) we arrive at the values 
given in Table 2. This table does not include all the data given 
in Table 1, some of which have been omitted for various 
reasons : Firstly, when the inhibition is complete we can only 
obtain a minimal value for the »titer« (e. g. ^ 64) ; secondly, 
the calculation has not been recorded in cases where the serum 
dose is exceedingly low in comparison with the amount of 
gonadotrophin, because the experimental error is too high to 
allow of an estimate of the »titer«. From Table 2 it is seen 
that the »titer« varies from 25 to 274; but the high and low 
figures are, however, not spread out irregularly, but are, on 
the contrary, arranged in a quite systematic manner, the 
values increasing from left to right and from above down- 
wards. The exceptions from this rule may reasonably be at- 
tributed to experimental error. The distribution of the »titer«- 
values indicates that the small antiserum doses are relatively 
much more effective than larger ones. 



Table 1. 

Average uterine and ovarian weights of immature rats treated with 
mixtures of pregnant mares’ serum gonadotrophin and rabbit anti- 
gonadotrophic serum in various combinations. (Roman figures: 
uterine weight; figures in italics: ovarian weight; figures in brackets: 

number of rats.) 
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Table 2. 

Gonadoirovliin (Antex 460910, 1 mg. = 19.5 j jj ^ 
(Dose in mg.) 



Calculation of the »titei'« of the antiserum in various combinations 
of serum and gonadotrophin. The figures indicate the number of 
I. U. of the gonadotrophin neutralized by 1 ml. of serum, as cal- 
culated from the dose-response curves. 


DISCUSSION 

The experiments described above were all carried out with 
a single preparation of pregnant mares’ serum gonadotrophin 
and a single rabbit antigonadotrophic serum. Tbe conclusions 
drawn from these investigations are, however, strongly sup- 
ported by experiments with several other Antex samples and 
other rabbit antisera. 

The activity of the antigonadotrophic serum was tested in 
immature female rats, wdiich were injected subcutaneously 
with mixtures of hormone and antiserum. No objection can be 
raised to the use of the mixture procedure when dealing with 
gonadotrophin from pregnant mares’ serum, since the effec- 
tiveness of this hormone is quite independent of the rate of 
absorption (Hamburger & Pedersen-Bjergaard, 1938). 
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Our experiments have shown that the antigonadotrophic 
activity of a serum depends on the ratio between the amount 
of serum and that of gonadotrophin. The statement that a cer- 
tain amount of serum neutralizes a certain amount of hormone 
does not allow of any conclusion as to the amount of hormone 
which is inhibited by any other dose of serum. The smaller 
doses of serum inhibit relatively much more gonadotrophin 
than the higher doses. The value of »antigonadotrophic units« 
or of an antiserum’s » titer « (for references, see Zondek & Sill- 
man, 1942, and Ostergaard, 1942) is, therefore, rather pro- 
blematic, and calculations of the quantity of gonadotrojihin 
expected to be completely neutralized by the total volume of 
the circulating blood serum (Rowlands & Spence, 1939) must 
be regarded as quite useless, 

A rough estimate of the activity of an antigonadotrophic 
serum may be obtained when the conditions for the assay are 
strictly standardized. As a matter of fact these requirements 
have been fulfilled by a considerable number of the investigat- 
ors as judged from the world literature. It is interesting to 
note that, when trying to elucidate the quantitative laws of 
hormone-antihormone reactions, wc encounter the same dif- 
ficulties as those found for toxin-antitoxin reactions. This fact 
supports the view that the problems of antihormoncs belong 
to immunology. 


SUMMARY 


A total number of 5/4 immature female rats were injected 
subcutaneously with mixtures of a commercial preparation 
of pregnant mares’ scrum gonadotrophin and an antigonado- 
trophic serum from rabbits treated for two months with an- 
other sample of the hormone. 


The uterine and ovarian weights obtained in rats treated 
with various combinations of hormone and antiserum were 
compared with the corresponding dose-response curves ob- 
tained m animals treated with pregnant mares’ serum gonado- 

r!r n f l^«>-»^one ncu- 

tiahzed by the antiserum was calculated. 
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The small doses of serum were found to be relatively much 
more effective than larger quantities, and the antigonado- 
trophic »titer« of the serum could therefore, with equal 
justification he calculated as any value between 25 and 274. 
Since the laws governing the reaction between gonadotrophin 
and antigonadotrophin are as yet unknown, any statement 
concerning the »titer« of an antiserum is of little value. 

A rough estimate of the activity of an antigonadotrophic 
serum may be obtained, when the conditions of assay are 
strictly standardized. 
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STUDIES ON THE LOCALIZATION OF 
HYPOTHALAMIC CENTRES CONTROLLING 
THE GONADOTROPHIC FUNCTION 
OF THE HYPOPHYSIS^') 


From the Department of Histology, 

University of Lund. (Professor G. Glimstcdt, M.D.) 

BY 

NILS-AKE I-IILLARP 

Several investigations, especially those performed by Ban- 
son, Dey, and co-workers {Detj, Fisher, Berry & Ranson, 1940, 
Deij, 1941, 1943, Brookharf, Dey & Ranson, 1941, Dey, Lei- 
ninger & Ranson, 1942, and Alphin & Dey, 1944) have de- 
monstrated the existence in the hypothalamus of certain 
centres controlling the gonadotrophic function of the hypo- 
physis. Large lesions, made in the appropriate place in the 
anterior hypothalamus in guinea-pigs, cause a marked decrease 
of the secretion of the luteinizing hormone (LH), while damage 
to the median eminence, largely inhibits the secretion of both 
follicle stimulating hormone (FSH) and LH, with consequent 
atrophy of the genital organs. These hypothalamic centres 
have not been accurately localized, possibly because of the 
difficulty of producing small limited lesions in exact bilateral 
symmetry. The present investigation is an attempt to localize 

*) Aided by a grant from the Faculty of Medicine, University of 
Lund. 
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these centres by means of a new instrument capable of pro 
ducmg brain lesions in rats. 


MATERIAL AND METHODS 

The experiments were carried out on adult female albino 
rats, inbred for eight generations. 

The instrument used to produce brain lesions has been 
described in a previous report (Hillarp, 1947). As a rule only 
animals weighing between 170 and 200 gm. were used, so 
that the material should be as homogeneous as possible. With 
female rats of this weight, preliminary experiments de- 
termining the coordinates of the various hypothalamic nuclei 
were performed. In the main experiments (the operation is 
best performed under ether anaesthesia and not — as previous- 
ly stated — under nembutal anaesthesia), only one lesion was 
usually made on each side of the third ventricle, but sometimes 
two were made. The position of the lesions was varied in 
antero-posterior direction from the optic chiasma to the mam- 
millary body. The distance between the two lesions varied 
between 1 and 2.5 mm. The level was determined by low'ering 
the electrode (by its own %veight) to the base of the skull and 
subsequently raising it (0 — 1 mm.) to the desired position. 
— The lesions w'ere produced by means of a current of 0.3 — 
0.5 mA for 15 to 30 seconds. 

Three to five weeks after the operation the vaginal cycle 
was studied by means of daily vaginal smears for a period 

of 2 3 weeks. Moreover, in those animals which could be 

mated, pregnancy, parturition, and lactation were observed. 

Xhe urinary output was measured in a metabolism cage 

starting at the earliest one month after operation. None of 

the animals had diabetes insipidus. 

The animals were killed 1 V 2 — 4 months after the operation. 
The hypothalamic region was fixed in Carnoy and cut in serial 
sections of 10 u. Every fourth section was stained in gallo- 
cyanin according to Einarson or in cresyl violet. The ovaries, 
adrenal glands, and thyroid glands were fixed in 10 per cent 
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formalin, cnl in serial sections of 10 and stained in hema- 
loxylin-eosin. The hypophyses were fixed m Susa and stained 
in Azan (serial sections of 5 ^i). 

RESULTS 

Controls. 

The experiments were done on 149 rats. Fiftylwo of these 
showed no direct damage in the hypothalamus other than the 
perforation made by the electrode.’) These animals, therefore, 
were used as controls in order to determine the extent of the 
spontaneous disturbances in the sexual functions occuiring 
in the material. Serious disturbances, however, were only 
observed in one animal which hud an irregular cycle (long 
periods of dioestrus), and did not become pregnant in spite of 
being kept with a male for a long iieriod. Two more animals 
had irregular cycles with long dioestrus intervals but both 
became pregnant. One animal refused to take care of her young 
after parturition. Otherwise the rats exhibited normal sexual 
functions in so far as these could be determined by the 
methods used. 


Rats with constant oc.stnis. 

In 29 of the animals with injuries within the liypolhalamus 
the vaginal cycle was discontinued and a state of practically 
constant oestrus ensued. The histological examination of the 
ovaries revealed the presence of bolh large and small follicles 
hut a complete absence of corpora lulea (Fig. 1) (one animal 
had a few very small corpora lutea). These animals llius .show 
the same genital changes as were found by Dci} in guinca-j)igs 
with large lesions in (he anterior hypothalamus. 

Thus the OA’arics in this group of rats continuously pro- 


1) Tin's is duo to the fact that in a proal munl>i'r of cases, in 
order to minimize tlio injury as much as possil)!o. the elocirodo was 
immsulnted only at tlie tip .so that if (he electrode was insiifficienilv 
raised ahove the base of the .skull, the trauma was produced below 
the hypothalaimi.s. 



duced oestrogenic hormone Thic ic 

that the uterus was markedly dilated and 1 ^ 01 ^ 

animals which lived for several months after th^ 

in order to obtain an idea of the a “ ^treS::- 


' SC? " c 


, \ T;./ h ::r 
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I'-A.. r.:;‘'.h7 y f- • ' '., 

Fig. t 

General picture of the ovary of a rat with constant oestrus after 
hypothalamic lesions (See Figs, 6 — 8). Follicles of various size hut 
not corpora lutea are present. Htx-eosin. X 40. 

the occurrence of oestrogen-precursor in the interstitial gland 
was examined in one ovary (using the methods described by 
Claesson & Hillarp, 1947). This showed that in all the ovaries 
the whole gland wms abundantlj'^ filled with precursor. This 
finding strongly supports the assumption that the oestrogen 
secretion remains at a fairly low level and that in any case 
no excessive production occurs. During the rats’ normal 
oestrous phase the precursor content is reduced to scarcely 
demonstrable amounts {Claesson & Hillarp, 1947). 

In addition to the absence of corpora lutea the ovaries also 
contain an extremely vvell developed interstitial gland (Fig. 2), 




probably resulting from the proliferation of the Ihcca ce s 
Lound degenerated follicles, and consisting of large, light c , 
rw“n protoplasm and svith normal nuclear appearance 

This endocrine disturbance can be consistently produced 
by placing relatively large basal bilaterally symmetrical in- 




\r • / • C 




Fiff. 2. 


Larger magnification of the same ovary as in Fig, 1, Abundant in- 
terstitial gland with large colls i-icli in protoplasm, lltx-oosin. X 90. 


juries immediately lateral to the ventricular wall below, or 
just caudal to, the paraventricular nucleus. A closer study 
of the localization of the lesions in animals both wilh and 
without constant oestrus gives the following rcsull: Injuries 
— even large ones — in the anterior hypolhalannis hut ending 
anterior to the paraventricular nucleus, as well as injuries 
situated in the posterior hypothalamic area caudal lo the hypo- 
physial stalk, do not produce any changes in the ovaries (in 
certain cases, however, there are disturbances in the sexual 
cycle, see below). On the oilier hand, lesions stretching from 
the anterior hypothalamic area lo the paraventricular nucleus, 
damaging the largest part of the caudal portion of the anterior 
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hypothalamic area down to the chiasma, and lateral to the 
medial forebrain bundle, produce continuous oestrus It was 
not possible to produce this disturbance with small injuries 
within the area anterior to the paraventricular nucleus. But 




Fig. 4. 
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Figs. 3—5. Position and extent of the lesions in a rat with constant 
oestrus. Small, basal injuries on both sides of the 3rd ventricle be- 
tween the paraventricular nucleus and the anterior border of the 
median eminence. Fig. 3 shows a section cut immediately caudal to 
the paraventricular nucleus, Figs. 4 and 5 sections 120 and 240 p 
respectively caudal to the first one. The lesions appear asymmetrical 
because of the dilatation of the 3rd ventricle to the right, and because 
of a certain oblique sectioning of the preparation. Sections of 10 u. 

Crosyl violet, X 40. 

within the area between the paraventricular nucleus and the 
hypophysial stalk, even vcr.v limited lesions may bring about 
the typical changes in the ovaries. The lesions must be basal, 
perfectly bilaterally symmetrical, and situated approximately 
between the 3rd ventricle and the lateral hypothalamus (the 
position can best be seen in Figs. 3—8). More dorsal or lateral 
injuries do not seem to have any effect on the sexual func- 
tions. — The following nuclei are generally undamaged in 
animals with constant oestrus: the supraoptic, supraebiasm- 
atic, paraventricular, ventro- and dorso-medial, and arcuate 
nuclei as well as the lateral hypothalamic area. 

The findings in the controls as well as the fact that none 


AcU endorrlnol. Vol. 2.1. 
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of the 23 animals with asymmetrical lesions within the hypo- 
thalamus showed constant oestrus, make it evident that the 
disturbance in these animals did not occur spontaneously. 

No difference was observed in the adrenal and thyroid 
glands of the animals with constant oestrus and those of the 



Fig. 7. 
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Fig. S.. 

Figs G— 8. Position and extent of the lesions in a i-at with constant 
oestrus (sections of this animal’s ovaries are shown in Pigs. 1 and 2). 
Small basal injuries on both side of the median eminence approx- 
imatively midway between the anterior border of the eminence and 
the hypophysial stalk (interval between each section 120 j.i). Sections 
of 10 u Cresyl violet. X 40. 

control animals. The hypophyses in the rats with large lesions 
in the anterior hypothalamus showed a distinctly larger 
number of a-cells than did the normal pituitaries. As a matter 
of fact Alphin & Dey drew attention to this as early as 1944. 
However, the rats in which a constant oestrus had been in- 
duced by means of small basal injuries caudal to the para- 
ventricular nucleus, did not show any such change. The hypo- 
physis in this group showed an apparently normal cellular 
picture. The increase in the number of a-cells, therefore, can 
not be directly connected with the change in the LH-secretion 
of the hypophysis. 

Rats with other disturbances in the sexual functions. 

In 11 rats with various types of injuries — generally rather 
small — in the anterior hypothalamus anterior to the para- 
ventricular nucleus, an irregular vaginal cycle was observed 


2 * 
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with long periods of dioestrus, alternating with short periods 
of oestrus. These animals did not become pregnant allhounh 
they were kept in cages with male animals for varjdng periods. 
The ovaries showed no demonstrable changes; both the fol- 
licles and the corpora lutea seemed intact. 

In another 7 rats wdth lesions in the same area, disturban- 
ces of pregnancy or parturition occurred. The number of still 
born foetuses %vas unusually large (50—100 per cent) in some 
animals, in others the foetus or the placenta was retained. 

Since this group of rats is small, and many changes rather 
difficult to evaluate exactly were observed in them, no attempt 
was made to localise the injuries more accurately. 

DISCUSSION 

The phenomenon of constant oestrus and the tjTiical ova- 
rian changes, here described in rats, have been carefully investi- 
gated by Ranson, Dey and co-workers after injuries of the 
hypothalamus, in guinea-pigs. Their investigations show un- 
mistakably that the disturbances of the ovarian function are 
due to a change in the gonadotrophic secretion of the hypo- 
physis. An obvious assumption is that the secretion of LH 
is inhibited. Dey (1943 a) has supported this assumption ex- 
perimentally by demonstrating that copper acetate does not — 
as in normal animals — produce ovulation in guinea-pigs with 
constant oestrus. However, the LH-production of the hypo- 
physis is not entirely inhibited, since the ovaries show a con- 
tinous secretion of oestrogen. This secretion is only possible 
with the cooperation of LH (for references, see Fevold, 1944). 
The fact that the interstitial gland has cells rich in protoplasm 
and with normal cellular structure also proves that not only 
FSH is secreted from the hypophysis, as this hormone cannot 
repair the atrophy of the interstitial cells following the dis- 
appearance of LH {Fraenkel-Conrat, Simpson & Evans, 1940, 
Fraenkel-Conrat, Li, Simpson & Evans, 1940). At the present 
stage of the investigation it may be said that specifically 
localized injuries to the hypothalamus destroy centres that 
control the LH-secretion of the hypophysis, or cut off the 
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connections between these centres and the hypophysis, the 
result being a reduction ~ but not total cessation — of the 

LH-secretion. , . 

In their studies on the role of the hypothalamus m the 

sexual functions Ranson, Dey, and co-workers have produced 
such large lesions (3 injuries; one in the middle line and one 
on each side of this line; current of 3 mA for 30 seconds) that 
no exact localization of gonadotrophic secretion centres was 
possible. It is evident from the present investigation that a 
centre for LH-secretion must exist in the anterior hypothala- 
mus, immediately anterior and ventral to the paraventricular 
nucleus. In this area the lesions have to be fairly large in 
order to produce a state of constant oestrus in the animals, 
and it also seems to be essential that they should be localized 
in the caudal portions of the anterior hypothalamic area. The 
fact that the same disturbances can be produced by very small 
basal injuries caudal to the paraventricular nucleus indicates 
the existence of a fairly well defined fibre system passing from 
the anterior hypothalamic area, and running superficially on 
both sides of the median eminence down towards the hypo- 
physial stalk. These results agree very well with those obtain- 
ed by Clark (1942) in an attempt to localize a sexual centre 
in the hypothalamus. He made transverse lesions extending 
from fornix to fornix at various levels, and found that such le- 
sions did not necessarily disturb the normal sexual behaviour. 
Clark, therefore, thought it improbable that a sexual centre 
was present in the anterior hypothalamus. However, he admits 
the possibility that a superficial fibre system may exist which 
is not destroyed by such lesions. The present investigation de- 
monstrates the presence of such a fibre system, and thus ex- 
plains why Clark arrived at results quite opposite to those 
obtained by Hanson, Dey, and co-workers. — The occurrence 
of disturbances m the vaginal cycle, pregnancy, and parturi- 
tion after small injuries within this region, further supports 
the view Hiat a centre for the gonadotrophic functions of the 
ypophysis is situated in the anterior hypothalamic area. 

In this connection it should also be pointed out that Dey 
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destruction of this centre or of its fibre system does not, how- 
ever, cause a total inhibition of the LH-secretion. 
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STUDIES ON THE STORAGE MECHANISM OF 
THE OESTROGEN-PRECURSOR*) 

BY 

BERTIL ALDMAN, LENNART CLAESSON, NILS-AKE HILLARP 

and ERIK ODEBLAD 

The occurrence in the ovary of a precursor of the oestro- 
genic substances which can be demonstrated by histochemical 
methods is of value in the study of the formation of these sub- 
stances. In order to obtain a firmer basis for the analysis of 
the formation of oestrogenic hormone the conditions under 
which the precursor is stored and transformed into a hormone 
must he determined. In the present paper some investigations 
on this problem are reported. 

MATERIAL AND METHODS 

In these experiments only adult female albino rats, inbred 
for eight generations, were used. 

Hypophysectomy was performed by a parapharyngeal ap- 
proach, the completeness of the removal being checked by 
rrieans of serial sections of the operated area. 

The pregnant mares’ serum gonadotrophin Antex Leo 
(PMS) was used, as well as an electrophoretically homoge- ^ 
neous crystalline chorionic gonadotrophin {Gonadex Leo; for 

*) The investigations were carried out with support from Statens 
Medicinska Forskningsrad. 
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further information about this hormone, see Claesson, Hog- 
j,erg, Rosenberg & Westman, IMS) The injections were 
given subcutaneously. 

The vaginal reaction was controlled by daily vaginal 

smears. . <• 41 

The histochemical and polarizing optical studies of the 

ovaries were carried out in the same wmy as in previous in- 
vestigations {Claesson & Hillarp, 1947). In addition, the ova- 
ries were examined histologically aftei staining wdth hema- 
toxylin and eosin. 


RESULTS 

The fact that the ovaries of immature and anoestrous rab- 
bits contain little or no precursor suggests that the storage of 
the precursor in the interstitial glandular cells is dependent 
on a hypophyseal stimulus. It is therefore quite conceivable 
that the storage mechanism is controlled by one of the two 
gonadotrophic pituitary fractions, the follicle stimulating hor- 
mone (FSH) and the luteinizing hormone (LH). An examina- 
tion of the precursor after administration of FSH or LH 
should give an answ^er to this question. As these fractions 
were, how' ever, not available in a pure state it became neces- 
sary to try a more indirect method and use pregnant mare 
serum gonadotrophin (PMS) and chorionic gonadotrophin 
(PU). 

All the experiments w'ere carried out on hypophyseclomized 
animals in order to eliminate any effect arising from the ani- 
mal’s owm gonadotrophic hormones. 

In an initial series, (13 animals), the precursor formation 
was studied only after hypophysectomy. The operation w'as 
performed in the dioestrous, pro-ocstrous and oeslrous phases 
of the vaginal cycle. One ovary wms removed 1 day after, and 
the other 8 days after the hypophysectomy. All the ovaries 

1) Leo and Co., Hillsingborg, have kindly assisted us in our in- 
vestigations )3y placing the preparations at our disposal. 
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contained large stores of the precursor. The precursor thus 
remains at a high level after hypophijsectomy, independently 
of the particular sexual phase present when the operation is 
performed. 

llie high precursor content in the ovaries of the hypo- 
physectomized animal might perhaps be interpreted as the 
result of an autonomic storage process in the interstitial cells 
independent of a gonadotrophic hormone stimulus. In order 
to find out whether such an autonomous mechanism exists 
the precursor present in the ovaries must first be used up 
(»mohilised«). In a series of 7 animals, therefore, 100 lU An- 
tex was injected 5 days after hypophysectomy. One ovary in 
each animal was removed 2 days after the injection as a con- 
trol of the mobilization, and the other 7 days later. All parts 
of the control ovaries showed an almost complete absence of 
the precursor. Tire ovaries removed at the later date, however, 
also had a very low precursor content. Hence an acute mobili- 
zation of the precursor, produced by a high dose of Antex in 
hijpophysectomized rats, is not followed by storage of the pre- 
cursor in the interstitial gland. 

It appears from this experiment that the storage cannot be 
entirely an autonomous cellular process, but is most probably 
controlled by a gonadotrophic hormone. In order to confirm 
this, the experiment was repeated with the modification that 
a dose of 1/3 lU Antex or 1/30 y electrophoretically homoge- 
neous PU was injected daily, during the 7 days following the 
removal of the first ovary (5 animals in the first series, 4 ani- 
mals in the second). This dose proved sufficiently large to 
produce vaginal oestrus without, however, giving a clear ute- 
rine reaction. On the other hand it did not entirely prevent the 
atrophy of the interstitial gland which, even after this treat- 
ment, contained densely packed cells poor in protoplasm. The 
ovaries removed first, contained practically no precursor, but 
those removed at a later date, however, contained large 
amounts of it. Hence in hypophijsectomized rats the admini- 
stration of small doses of Antex or highly purified PU pro- 
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daces a marked storage of precursor in the interstitial gland 
in ovaries where the precursor has been previoiishj mobilized 
by a large dose of Antex. 

It may seem strange that boths PMS and PU have the same 
effect on the storage of the precursor. The PMS-preparation 
used, however, probably contains small amounts of an LH- 
faclor (this question, and the relationship between PMS and 
PU on the one hand and FSH and LH on the other, are dealt 
with in the discussion), of which the known biological effects 
on the ovary are similar to — and probably identical with 
those of PU. It is therefore possible that the storage of the 
precursor when 1/3 lU Antex is given daily, is due to this LH- 
factor. In order to clear up this problem the experiment had 
to be repeated with a purer PMS preparation. Taking advantage 
of the fact that injected PU or hypophysial LH are rapidly eli- 
minated from the blood, while the elimination of PMS occurs 
sloAvly, (cf., Zondek & Snlinan, 1945), Antex was purified in 
the following manner: 

A female rabbit (weight: 3 kg.) was castrated and hy])o- 
physectomized and three weeks after the operation 48.000 lU 
Antex was injected intravenously. Four days later the animal 
was bled to death under ether anaesthesia. The total amount of 
serum collected was precipitated with 5 — 6 volumes of cold al- 
cohol and the precipitate was washed and dried with acetone. 
The dry powder was stored in vacuo in the refrigerator, WUicn 
tested on immature mice this serum powder was found to 
contain approximately 1 lU PMS per 1.3 mg. — If a conta- 
minating LH-factor is present in Antex, this factor must have 
almost entirely disappeared from the blood four days after 
the injection. The testing of the biological purity of the pre- 
paration will be reported in a later paper. 


This purified PMS w'as used in an experiment similar to 
those described above. Five days after hypophyscctomv, 100 
lU Antex was injected in 4 female rats in order to mobilize the 
precursor. One ovary was removed three days later as a con- 
trol of the mobilization, and 0.4 mg. of the prepared serum 
powder was then injected daily for seven days. The remaining 
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ovary was removed 24 hours after the last injection In all ani 
mals the ovary removed first was almost completely free of 
precursor. However, unlike the finding of the preceding experi- 
ment in which 1/3 lU Antex had been given, no storage had 
taken place in the remaining ovary. The interstitial gland 
showed a tjrpical deficiency picture. PMS by itself thus causes 
no precursor storage in the interstitial gland. 

Because of the slow elimination of PMS from the organism 
the experiment dealing with precursor storage on daily admi- 
nistration of 1/30 y PU is ambiguous. The small amounts of 
PMS which remain after the injection of 100 lU Antex can 
naturally have influenced the storage in combination with PU. 
This experiment, therefore, gives no information whether in 
this case — as to the oestrogen formation in the ovary {Fevold, 

1939, 1941, 1943, 1944, Fraenkel-Conrat, Li, Simpson & Evans, 

1940, Shedlovsky, Rothen, Creep, van Dyke & Chow, 1940, 
Creep, van Dyke & Chow, 1942) — it is a question of a syner- 
gism between two gonadotrophic factors, of the LH and the 
FSH character respectively. To obtain an answer to this 
question the experiment shouldvbe carried out by a method 
in which neither PMS nor anj' other FSH-factor remains in 
the organism when PU is given. Antex can, for instance, be 
substituted for PU to mobilise the precursor. The experiment 
was performed in the same way as the previous one. A control 
series of 10 animals was given 250 y PU four days after hypo- 
physectomy. One ovary was removed three days later as a 
control for the mobilization of precursor^ and the other 8 
days later to determine whether storage had occurred. The 
same mobilising dose was used in another series (5 animals), 
but here, after the removal of the first ovary, 1/30 y PU was 
injected daily for 7 days, and the second ovary was removed 
24 hours after the last injection. — In all the animals of both 
series mobilization proved to be almost complete in the ovary 


1) A close study of the biological purity of the electropboretically 
homogenous chorionic gonadotrophin used and its capacity to mo- 
Se the oestrogen-preUor will he published later. Tins problem 
will therefore not he discussed in the present paper. 
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removed at the first operation. The second ovary in bo^ 
series, however, showed some precursor storage, but not in 
any way comparable with the marked storage occurring on 
the administration of 1/30 y PU following an Antex mobiliza- 
tion. In the two experimental groups, however, there was no 
demonstrable difference in the precursor content of the inter- 
stitial gland. Hence the administration of small amounts of 
highly purified PU to hypophysectomized rats does not pro- 
duce a storage of precursor in the interstitial gland of ovaries 
in which the precursor has been previously mobilized by a 
large dose of PU. 


DISCUSSION 

A chemical analysis of the oestrogen precursor has showm 
that it consists of cholesterol, stored in the interstitial gland 
in the form of esters of fatty acids {Claesson, Diczfalusy, Hil- 
larp & Hogberg, 1948) .Whether this storage is an accumulation 
of blood cholesterol or whether an actual synthesis takes place 
in the cells cannot at present be determined. Bloch (1945), 
however, has demonstrated a direct conversion of deulcrio- 
cholesterol into pregnandiol in a pregnant woman, this shows 
that the first alternative is possible. In any case the amount 
of precursor present at any given time must be determined by 
two mutually opposite processes namely, the process of storage 
and the conversion of the precursor into hormone. Hence, 
until the mechanism of storage and conversion is known, the 
amount of precursor present in a given case cannot provide 
a basis for an evaluation of the oestrogen formation in the 
interstitial gland. 

Theoretically the precursor storage in the interstitial gland 
can take place in two different waj^s: either as an autonomous 
process in the cells independent of gonadotrophic hormones, 
or as a process which is directly or indirectly affected by these 
hormones. The present investigation seems to have excluded 
the first alternative, since no storage takes place in tlic ovaries 
of hypophysectomized animals after mobilization of the pre- 
cursor by Antex. The experiments involving the administra- 
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lion of small amounts of Antex or of highly purified PU, how- 
ever, indicate that gonadotrophic hormones have an effect on 
storage. These gonadotrophins produce a marked storage after 
previous mobilization of the precursor by a large dose of Antex. 

It is doubtful, however, whether the PMS-preparation used 
does not also contain an LH-factor. It is true that Hamburger 
(1938) and Cole, Pencharz & Goss (1940)’ have found that 
highly purified PMS-preparations and crude preparations have 
the same biological effects, but Evans, Korpi, Simpson & Pen- 
charz (1936), and Hellbaum (1937) have reported the separa- 
tion of mare serum into follicle-stimulating and luteinizing 
fractions. The latter investigations also appear to be supported 
by the experiments with antigonadotrophic sera which were 
performed by Kupperman, Meyer & McShan (1941). The at- 
tempt to purify Antex biologically described in the present 
paper, also suggests that Antex contains some LH-factor. 
Otherwise it is difficult to explain why the purified PMS- 
product, when administered in the same dose as Antex, does 
not have the same effect on the precursor storage mechanism. 
In any case the experiment indicates that PMS by itself does 
not produce anj' such storage. This agrees very well with the 
fact that no storage occurs after an acute mobilization by a 
large dose of Antex. In experiments of this kind the PMS- 
concentration in the blood falls slowly while any LH-factor 
is presumably rapidly eliminated. PMS would thus be purified, 
i. e. freed from the LH-factor, automatically. If PMS had pos- 
sessed any storage capacity, favorable conditions would exist 
for the process when the concentration falls below the mobili- 
zation level. 

Neither does PU seem to produce a precursor storage by 
itself. This statement may appear to contradict the observation 
that a certain amount of storage takes place after an acute 
mobilization with a large dose of PU, but the amount used 
(250 r ), however, is so great that a possible contaminating 
FSH-factor may be involved. As our experiments are still pro- 
ceeding it seems advisable to postpone the discussion of this 
problem to a later date. 
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The investigations so far performed indicate that only a 
combination of PMS and PU can produce a marked storage 
of precursor in the interstitial gland. Tliis is evident from 
the experiments involving the administration of small amounts 
of Antex or of highly purified PU, after a previous mobiliza- 
tion with Antex (and from the fact that PMS and PU do not 
produce any such effect by themselves). In this respect a 
synergism exists between these two gonadotrophins. 

Since no pure gonadotrophic hormones from the hypo- 
physis have been available to us, we have not been able to 
investigate their role in the precursor storage mechanism. A 
study of this subject is of course, very necessary for the evalua- 
tion of changes in the precursor content of the ovary. From 
the present investigation the conclusion might tentatively be 
drawn that the precursor storage in the intact animal occurs 
as a result of a synergistic action of FSH and LH. This con- 
clusion appears to be supported by the fact that PMS and PU 
have respectively the characteristics of FSH and LH. Such a 
conclusion is, however, somewhat premature, as these cxlra- 
hypophyseal gonadotrophins possess certain biological pro- 
perties which differentiate them from the gonadotrophic hor- 
mones of the hypophysis (cf.. Levin, 1944, Robson, 1947). 


SUMMARY 

Investigations on the storage mechanism of the oestrogen- 
precursor in the ovary liave been carried out on hypophys- 
ectomized adult rats. This mechanism must be known before 
the precursor content can be used as a basis for the evalua- 
tion of the oestrogen formation in the interstitial gland. 

Pregnant mare serum gonadotrophin (not highly purified) 
(Antex Leo), and an electrophorctically homogeneous crystal- 
line chorionic gonadotrophin (Gonadex Leo) have been used 
The investigations show that the precursor storage does 
not take place as an autonomous cellular process but is control- 
ed by gonadotrophic hormone. Neither PMS nor PU alone 
seem to produce storage in the interstitial glandular cells, but 
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a combination of small amounts of PMS and PU produc 
marked storage of precursor. In this respect a synergism there- 
fore exists between these two gonadotrophins. 

A preliminary attempt to eliminate a contaminating LH 
factor from serum gonadotrophin by biological methods is 
described. Reasons are presented for the view that such a 
contaminating factor is present in Anlex. 
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CELL REACTIONS IN THE HYPOTHALAMUS 
FOLLOWING OVERLOADING OF THE 
. ANTIDIURETIC FUNCTION-' ) 

BY 

NILS-AKE HILLAnP 

The secretion of antidiuretic hormone from the neurohyjto- 
physis is released in response to an increase in Uic osmotic 
pressure of the blood plasma {Cliamhers, 1945, Chambers, Mel- 
ville & Hare, 1945, Hare, Melville, Chambers S: Hare' 1945. 
Hare, 1947, Plumhof, Stevenson cC* Toman, 1947). Invc.sliga- 
tions, especially those of Vcrncij (1946, 1947), have de- 
monstrated the presence of receptors within the area of the 
internal carotid which respond to such osmotic changes in 
the plasma. The exact location of these receptors is as yet 
unknown. /fanson and his co-Avorkers {Fischer, Ingram A* Han- 
son, 1938), however, liave made it clear that the su])rao])lic 
nucleus is directly involved in the antidiuretic function of the 
neurohypophysis. Although it is probalilc tliat the para- 
ventricular nucleus also innervates the neurohypoj)hy.si.s 
(Frgkman, 1942, O’Connor, 1947), it has not been ])ossihIc, 
however, to say whether it plays any j)art in tlic antidiuretic 
function of the posterior lobe of the hyi)ophysis. 

By means of intravenous, subcutaneous or oral admini- 


*) Aided l)y a grant from the FacuDy of lilcdicine, Univor.'^itv of 
Lund. 
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stration of a hypertonic solution of sodium chloride to an 
animal the antidiuretic function can be heavily overloaded 
{Gilman & Goodman, 1937, Ingram, Ladd & Benbow, I939. 
Chambers, 1945). This must result in increased activity in 
the hypothalamic nuclei of the neurohypophysis, if it is true 
that these cell groups constitute osmoreceptors, or are affected 
by such receptors. Increased activity in a nerve cell can as a 
rule be detected cytologically and it is thus possible to obtain 
more definite information as to which cell groups are involved 
in the secretion of the antidiuretic hormone. In the present 
communication the cytological changes found in the cells of 
the hypothalamus of rats, during acute or chronic overloading 
of the antidiuretic function, are described. 

MATERIAL AND METHODS 
The experiments were carried out on adult albino rats 
inbred for eight generations. The animals were divided into 
two groups (Table 1). The first group was injected intra- 
venously (in the tail) or subcutaneously with 6 — 10 ml. of 
5 per cent NaCl-solution. The animals were killed 10 minutes 
to 22 hours after the beginning of the injection, and during 
the interval they received no food or water. In the other group 
the rats were kept mainly on a dry diet consisting of mixed 
grain, offal, carrots, and water containing 1.5 per cent NaCl 
for the first week, and 2.0 per cent and 2.5 per cent for 2 
weeks respectively. The control animals were given the same 
food hut water without NaCl. All the animals were bled to 
death under light ether anesthesia. The brains were fixed in 
Carnoy’s solution by means of injection into the carotid ar- 
teries, The hypothalamic region was embedded in paraffin, 
cut in serial sections of 10 p, every fourth section being stained 
with gallocyanine-chromalum according to Einarson (1932, 
1934, 1935, 1947). Since this staining method is progressive, 
it is far more satisfactory for the evaluation of the cytological 
changes in the nerve cells than the commonly used regressive 
staining obtained with cresyl violet, methylene blue, and other 
basic aniline dyes belonging to this group. 
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Table 1. 

Animal material and treatment. 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

18—19 

20-23 

24--25 

26—29 


c5 

» 

» 

» 

» 

)> 

» 

» 

» 

)) 

» 

» 

» 

» 


$ 

<5 

$ 

(5 


Weight 

gm. 

I 

210 

220 

205 

200 

210 

225 

210 

215 

190 

180 

IGO 

195 

165 

200 

200 

II. 

180-190 

210-240 

180-185 

150—300 


Acute overloading. 

6 ml 5 % NaCl intraven. 


6 » 
6 » 
6 « 
6 » 
S « 
8 )> 
8 
8 « 
8 » 
10 » 
8 >> 
8 » 
8 » 
8 « 


» 
» 

» 

» 

» » 


» 

» 

» 

» 

» 

» 

» 

» 

)> 


)) 

» 

» 

» 

subcul. 

» 

» 

» 

» 

» 

» 

» 

» 


Chronic overloading. 

NaCl in the drinking-water 
» » » » 
Controls 


10 min. 
20 » 
30 » 

35 » 

1 hr. 
2 % « 

3 » 

4 !> 

5 >> 

5 » 

6 » 
81/2 » 
Si/o « 

22 " » 
22 » 


5 wks. 


RESULTS 

/. Acute overloading. 

The nerve cells in the supraoptic nucleus have a very 
characteristic appearance with aggregations of Nissl-substance 
in the periphery of the cytoplasm and little in the central por- 
tions (Fig. 1). No marked changes in this picture are seen 
until 21/2 hours after the injection of NaCl-solution. By this 
time the Nissl-suhstance in the periphery has disappeared al- 
most completely in a large number of cells. These changes 
were especially marked in animals killed 5 to SVa hours after 
the injection. By then the cells all show great reduction in 
Nissl-suhstance, which is finely granular, evenly distributed, 
and faintly stained (Fig. 2). The picture is suggestive of the 
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Novmal call liiclme in the supraoptic nucleus ol rap Control ammal 

R 27. Gallocyanme-clivomalum. oaU a. 
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4 .« ' 


”'nf vnf 6 hours after subcutane- 
servo colls in tl.o “*ho colls l.'avo untlorgono cltromato- 

„„e G.;ilocyaninc cltromalunt. 030X. 




Fig. 3. 

Normal cell picture in the paraventricular nucleus of rat. Conti-ol 
animal R 27. Gallocyanine-chromalum. 630 X . 



Fig. U. 

Nerve cells in the paraventricular nucleus of rat; 6 hours after sub- 
cutaneous injection of 5 per cent NaCl. The cells have undergone 
chromatolysis. Rat R 11. Gallocyanine-chromalum. 630 X. 
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chromatolysis of the retrograde reaction. No definite changes 
were observed in the nucleoli and cell nuclei. After 22 hours 
however, the cells have largely regained their normal appea- 
rance with abundant Nissl-substance in the periphery. 

The nerve cells in the magnocellular portion of the para- 
ventricular nucleus have normally the same distribution of 
Nissl granules as in the supraoptic nucleus (Fig. 3). Here, 
too, the cytoplasm passes through a definite, although not so 
marked, chromatolytic reaction, which is, however, not ob- 
vious until 6 hours after the injection of NaCl-solution (Fig. 
4). After 22 hours the Nissl-substance is largely restored. 

Thus, on acute overloading of the antidiuretic function of 
the posterior lobe of the pituitary gland a distinct chromato- 
hjtic reaction can be demonstrated in the nerve cells of the 
supraoptic nucleus as well as in the magnocellular portion of 
the paraventricular nucleus. 

II. Chronic overloading. 

Distinct changes in the cells of the supraoptic and of the 
paraventricular nuclei also occur as a result of an overloading 
which is slight when compared to the acute overloading des- 
cribed in I, but is instead much more prolonged. As in the 
previous experiment these two cell groups react in a similar 
way. 

Although no actual measurements were made it is obvious 
from a comparison between the control and the experimental 
animals that the nerve cells have undergone definite hyper- 
trophy (cf.. Fig. 1 with Fig. 5 and 3 with 6). There seems to’ 
he an increase in the Nissl-substance consisting essentially of 
large aggregations, often coarsely granular, in the periphery 
of the cytoplasm. Finally, a close study of the size of the 
nucleoli shows that they have undergone considerable increase 
in volume. The procedure was as follows: The measurements 
were carried out by means of an echelon micrometer (oil im- 
mersion; approximately 1000 X magnification; each scale unit 
= 1/14 \i). Only well defined nucleoli were measuied. me 




Fig. 5. 


The cell picture in the supraoptic nucleus of rat following chronic 
overloading of the antidiuretic function. Hypertrophied cells with 
largo nucleolus and abundant peripheral Nissl-suhstance. Rat R21. 
Gallocyanine-chromalum. 630 X. 



Fig. 6. 

The cell picture in the paraventricular nucleus of rat following 
chronic overloading of the antidiuretic function. Hypertrophied cells 
with large nucleolus and abundant peripheral Nissl-suhstance. 
Rat R 20. Gallocyanine-chromalum. 630 X. 
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measurements were performed without selection, on all nu- 
cleoli which appeared within the field of vision on moving the 
preparations. In each animal a hundred nucleoli have been 
measured (50 in the right and left cell groups respectively) 
both in the supraoptic nucleus (within the middle portion) 
and in the paraventricular nucleus (within the dorso-lateral, 
magnocellular portion). The value obtained for the supraoptic 
nucleus in the control animals R 26 and R 27 was 46.5 + 4.9 
(expressed in scale units) and. in the experimental animals 
R 20 ■ 23, 60.5 + 5.1. There is thus a 30 per cent increase in 

the diameter. The values for the paraventricular nucleus were 
43 + 4.6 (R 24 — 27) and 53 + 5.1 (R 18 — 23) respectively, 
that is to say, an increase in the diameter of 23 per cent. 

During a relativelij slight but prolonged overloading of the 
antidiuretic function of the posterior lobe of the pituitarg 
gland marked cellular changes, especially in the form of cellu- 
lar hypertrophy and an increase in the volume of the nucleoli, 
occur in both the supraoptic nucleus and the magnocellular 
portion of the paraventricular nucleus. 


DISCUSSION 

The supraoptic nucleus and the magnocellular portion of 
the paraventricular nucleus are in many respects similar in 
structure. Both are well-defined cellular areas with consider- 
able vascularity {Finley, 1940), and have nerve cells of the 
same characteristic type. Furthermore they are in direct or 
indirect communication with the neurohypophysis. It has been 
known for a long time that the supraoptic nucleus innervates 
the posterior lobe of the pituitary gland directly, while the 
part played in this innervation by the paraventricular nucleus 
is still uncertain. It is true that some cell reduction occurs in 
this nucleus after stalk section, hypophysectomy or extirpa- 
tion of the posterior lobe {Rasmussen, 1937, Magoun & Ran- 
son, 1939, White & Heinbecker, 1939, Frykman, 1942, Hein- 
becker. White & Rolf, 1947- O’Connor, 1947), but it is not yet 
known whether this reduction is the result of a direct retro- 
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grade reaction, or of a transneuronal degeneration. A total 
disruption of the supraoptico-hypophysial fibre system causes 
diabetes insipidus {Fischer, Ingram & Ranson, 1938), and di- 
rect stimulation of the supraoptic nucleus — cither electrically 
(Harris, 1947) or by acetylcholine (Pickford, 1947) causes 
secretion of antidiuretic hormone from the ncurohypophysis. 
Electrical stimulation of the paraventricular nucleus, how- 
ever, does not have this effect (Harris, 1947). On the whole 
the function of this nucleus is obscure. 

The present investigation indicates that both the supraoptic 
nucleus and the magnocellular portion of the paraventricular 
nucleus react in a similar manner to overloading of the anti- 
diuretic function of the posterior lobe of the piluitarj’^ gland. 
On the basis of the known relation between the cytology and 
the state of activity of the nerve cells (cf., Einnrson, 1933, 
1935, 1945, Einarson & Lorentzen, 1946, Htjdcn, 1943) it may 
be inferred that the cellular changes in these nuclei following 
acute overloading represent a marked increase in activity ver- 
ging on exhaustioir and that the changes with chronic over- 
loading represent an increased activity without any signs of 
exhaustion. It appears from several investigations, especially 
those of Chambers (1945), that the method of overloading 
used produces a markedly increased secretion of antidiuretic 
hormone. It would, therefore, be reasonable to assume that 
the paraventricular nucleus too may be directly or indirectly 
connected with the antidiuretic function of the posterior lobe. 
Such a conclusion is, however, as yet premature. The exjicri- 
ments with acute overloading, in particular must be considered 
doubtful, since large amounts of 5 per cent NaCl solution arc 
injected intravenously or subcutaneously. This procedure is 
bound to produce a number of com])ensating reactions in the 
organism, thus putting a strain on other functions besides the 
puiely antidiuretic one. The chronic experiments, however, 
seem to he more satisfactory from this point of view, but even 
here the possibility cannot be disregarded that the cellular 
reactions m the paraventricular nucleus may be the result of 
overloading some function other than andidiurcsis. Hence, the 
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only conclusion that can he drawn from the investigation is 
that the cells in these two hypothalamic nuclei react in a 
similar manner, i. e. with increased activity, under the ex- 
perimental conditions described, which cause an overloading 
of the antidiuretic and possibly other functions. — No cellular 
changes in other hypothalamic nuclei have been observed, but 
this does not exclude the possibility that they occur since the 
cytology of these nerve cells gives little indication of changes 
in their activity. 

As far as the problem of the site of the osmoreceptors is 
concerned, the investigation suggests that they are not situated 
in the neurohypophysis itself. Otherwise the supraoptic nerve 
cells would in all probability not have been activated. 


SUMMARY 

Intravenous or subcutaneous injection of 5 per cent sodium 
chloride solution in rats, which causes a considerable acute 
overloading of the antidiuretic function of the posterior lobe 
of the pituitary gland, leads to a chromatoljdic reaction in 
the nerve cells of both the supraoptic nucleus and the magno- 
ccllular portion of the paraventricular nucleus. Administra- 
tion of NaCl in the drinking-water (1.5 — 2.5 per cent) for 5 
weeks, which produces a relatively slight but prolonged over- 
loading of the antidiuretic function, leads to changes in these 
nuclei consisting essentially of cellular hjTJertrophy and in- 
crease in the volume of the nucleoli. It is not certain, however, 
whether these reactions, which are an indication of increased 
cellular activity, on the part of the paraventricular nucleus, 
are the result of the overloading of the antidiuretic, or of some 
other function. 
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From the Endocrine Department of Serafimerlasarettet, 
Stockholm. (R. Luft, M. D.) 


THE EFFECT OF DESOXYCORTIGOSTERONE 
ACETATE AND SODIUM CHLORIDE, THYROXIN 
AND TESTOSTERONE PROPIONATE IN A CASE 
OF PANHYPOADENOPITUITARISM (SIMMONDS’ 
DISEASE) WITH SPECIAL REFERENCE TO 
KIDNEY FUNCTION AND BLOOD 
PRESSURE"-) 


BY 

ROLF LUFT and BJORN SJOGREN 


INTRODUCTION 

Simmonds’ disease denotes a clinical syndrome, caused by 
a decrease in all the functions of the adenohypophysis. It has 
also been called panhypopituitarism. This name is not entirely 
satisfactory as it also includes a decreased activity of the 
neurohypophysis. We have preferred to introduce the term 
panhypoadenopituitarism in our case, as no histological ex- 
amination could be made, and no signs of deranged function 
of the neurohypophysis could be found. 

In animals the most important effects of hypophysectomy 

1) The desoxycorticosterone acetate and testosterone propionate 
used in this work was Percorten and Perandren, and was kindly 
put at our disposal by Ciba Produkter A. B., Stockholm. 

2) This case was kindly referred to us for treatment by Dr. Gu- 
staf Myhrman, director of the medical department of the military 
hospital of Boden. 
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can be eliminated by the administration of pituitary extracts. 
In cases of panhypoadenopituilarism different types of pitui- 
tary preparations have been tried, mostly without therapeutic 
effect. In the Scandinavian literature Mogensen (1939, 1941) 
has claimed good therapeutic results with chorionic gonado- 
trophin in two cases of panhypoadenopituitarism. Doubtful or 
negative results with gonadotrophic hormones were reported 
\iyWarhurg (1939),Jem7d , Bierring & Iversen (1943), 

and Jersild & Iversen (1944). Lerman & Stebbins in 1942, and 
Barley et al. (1944) reported good results with serum gonado- 
trophin in cases of panhypoadenopituitarism. 

In panhypoadenopituitarism there is a secondary depres- 
sion of the function of the peripheral endocrine glands. Many 
attempts have therefore been made to treat cases of panhypo- 
adenopituitarism with the hormones of these glands. 

The decreased thyroid function in panhypoadenopituitarism 
is shown by a very low BMR, and in some cases a pronounced 
myxedematous appearance is seen. Thyroid hormone has often 
caused toxic symptoms in this condition because of the in- 
creased sensitivity to this hormone. Means et al. (1940), there- 
fore emphasize that thyroid hormone should not be used ex- 
clusively in these cases. 

The deficiency of the gonads in these cases has been treated 
with oestrogenic hormones. However, this substitution therapy 
can not affect the main symptoms of the disease. 

Adrenal cortical insufficiency is the most important distur- 
bance found in panhypoadenopituitarism, and expresses itself 
in adynamia, hypotension, asthenia, negative protein balance, 
disordered water-salt balance, eosinophilia and lymphocytosis. 

Cortical hormones, mainly total extracts or desoxycortico- 
sterone acetate, have been tried in these cases. The improve- 
ment is usually slight and transient, but they have been ef- 
fective in the acute stages of the disease (see Means et al 
1940, Glass, 1944, and others ). Thyroid hormone may aggravate 
the symptoms of adrenal insufficiency (Means et al, 1940). 

The androgenic hormones represent a valuable recent 
contribution to the treatment of panhypoadenopituitarism. 
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l)>cy possess the nnportanl capacity of increasing protein 
mial)oI,sm {Koclmldan & Murlin, 1936. Kenyon et al, 1938 
Papanwolan * Falk, 1938). Tl.cy also increase sodium and 
potassium retention {Thorn & Engel, 1938. Thorn & Emerson 
19 Jl ) **'*^^* iiictahotism {Kenyon et al, 1938, McCullagh, 


Good tiicrapeutic results with androgens have been reported 
by a numlicr of investigators, chiefly Means et al. (1940) 
Escamilla s.- Lf.wer- (1942), Williams cZ- Whiftenherger (1942)! 
11 erncr lO ires/ (1943), Glass (1944), IJsscr & Cnrlis (1945), 
Itnrke S- Cantor (1945), and McGnvack et al. (1946). 

In our ease of panhypoadenopituitarism, we investigated 
the changes in lilood jircssurc and kidney function after the 
administration of dcsoxycorlicostcronc acetate (DCA) and 
.sodium chloride, testosterone propionate (TP) and thyroxin. 
Previously Talbott et al. (1942) and McGanack ci al. (1946) 
had demonstrated a decreased kidney function in panhypo- 
adenopituilarism in man, and the latter authors vvere able to 
restore the inulin clearance to normal ^vilh TP. 


CASK RKPOKT 

Jlislinij. 

M. C. r,.. a married wonnm, horn 1909. Monnrchc at 15. Bcgular 
mciistruntinns until 19.'!'^. Parturition 193S, complicated hy a largo 
p(ist']iuvtum Moeding. and a violent puorperni infection. .After dis- 
clmrgf from tlio hospital tiic patient gradually hocamo lethargic, lost 
murh weight and could not manage her regular house work. Her 
hnir grew ihiMncr. und .she also lost jnihic and axillary hair; the hair 
later grew again to .some extent. There was no lactation after par- 
turition. and menstriintioii never returned. The patient grew dull 
iUifl apaihelic, had great diffinillie.s in finding words, and began to 
stutter, She was treated with vitamins and tonics in laigc doses. 
Her condition remained stationary until 191(1. She was then, foi the 
fii>t time, treated in hospital, and was given large doses of oestro- 
genic hormones without any lioucficial effect. Her condition dete- 
rioraleil during the following years, the weakness, loss of weight and 
lack of initiative liecame more marked. At an examination in 19ii 
u marked hvf.olltvroid (-ondition was found with a BMU of - 30 per 
rent, ichtvo'tic. skin and marked apathy. With thyroid ra- 

tion. the ll.MH rose to -!• 1 per cent, whereas the body weight fell 
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from 52 to 37 kg. in one month. During this time she had a severe 
attack of hypoglycaemia with a blood sugar of less than 25 mg. per 
cent; her condition improved greatly following the intravenous ad- 
ministration of dextrose. There was also some physic improvement 
during this period, but thyroid medication had to be discontinued 
because of its toxic effects. Her tolerance to cold was very low. The 
internal genital organs wei'e atrophic. X-ray of the skull showed 
nothing abnormal. ECG showed low T-waves with all leads. Urinary 
output was low. The haemoglobin was 50 — 60 per cent, and the blood 
pressure low. The hair loss was very marked during this period. 

Physical Examination. 

The patient was transferred to the endocrinological dept, in Oc- 
tober 1947 (figs. 1—3). She was 158 cm. tall, and weighed 57 kg. She 
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Pig. s. 

Figs. 1— Case of panhypoadenopituitarism. The patient on admi.<;- 
sioii to the hospital in November 1947. 

was extremely thin with atrophic musculature. The face showed 
promatu )'0 senility. The skin Avas dusky and pale. The mammary fat 
and glandular tissue was reduced. She was bald except for a sparse 
hair growth on the anterior part of the head. The remaining hair 
was dry, brittle and short. No signs of axillary and pubic hair 
growth. No abnormal pigmentations of skin or mucous membranes. 
Prothesis in the upper jaw, pronounced caries of the remaining 
teeth. Atrophy of the distal parts of the fingers, nails brittle. Thyroid 
normal. Superficial lymph glands not palpable. Normal findings in 
lungs, heart and abdomen. Blood pressure 105/65 mm. Hg. Neuro- 
logical examination with normal findings. The patient was apathe- 
tic, lacking in initiative, answered questions slowly but adequately, 
and was well orientated. Gynaecological examination showed an 
atrophic uterus and vaginal mucous membrane, ovaries not palpable. 

Laboratory findings. Hgbl. 64 per cent, red blood cells 3.2 mill., 
white cells 9.800. Diff. count: polymorphs 23 per cent, eosinophils 34 
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per cent, basophils 1 per cent, lymphocytes 40 per cent, mononucl. 2 
per cent. Bone marrow normal with increased number of eosino- 
phils. No albuminuria or glycosuria, spec. gr. 1.021. Faeces normal. 
Serum potassium 20—27 mg. per cent, sodium 280 mg. per cent, chlo- 
rides 332 mg. per cent, cholesterol 234 mg. per cent, calcium 9.9 mg. 
per cent, inorganic phosphorus 3.9 mg. per cent, phosphatase 6 Bo- 
dansky units. Albumins in serum 2.9 and globulins 3.2 mg. per cent. 
Serum iron 162 8/ml. NPN 44 mg. per cent. Haematocrit 38. Fasting 
blood sugar 90 mg. per cent. Calcium in urine 160 mg./day, phos- 
phorus 1000 mg./day. Water test (1000 ml.) with dilution to a spec, 
gr. of 1.004 and concentration to 1.021, excretion in 4 hours 200 ml. 
Kepler’s test index 20. BMR — 35 per cent. Inulin clearance 30 and 
diodrast clearance 147 miymin. Dextrose tolerance (two-dose, one- 
hour test) 90 — 160 — 184 mg, per cent, capillary venous difference 
at 60 min. 8 mg, per cent. Insulin tolerance test (0.1 I. U./kg. body 




Pig. 4. 
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weight intravenously) showed hypoglycaemic unresponsiveness. 
Oestrogen excretion less than 25 I. U^day, gonadotrophin less than 
20 M. U./day, 17-ketosteroids 3.8 mg./day. Vaginal smears showed 
no cornification, and a large number of immature cells with nuclei. 

Lumbar puncture: pressure 65 mm. water, chlorides 372 mg. per 
cent. 

X-ray examination of the skull, skeleton, heart and abdomen gave 
normal findings. Old fibrous pulmonary tbc-changes. 



Fig. 6. 

pjgs 4—0. Same patient after treatment m Septcmbei 19,8. 
Figs. 1-3 show the patient on admission to the hospital 
“ ot^:^ ricrna^ro^er L^gs demonstra- 

les the 'gonorrhea, genital atrophy, 

aeeJeas:;":— and no oestrogenie stimniahon 
of the vaginal mucosa; 
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2. thyroid hypofancUon: very low BMR, skin changes as 
in hypothyroid conditions; 

3 adrenal cortical insufficiency: hypotension, adynamia, 
weight loss, asthenia, loss of axillary and pubic hair, marked 
lymphocytosis and eosinophilia, hypoglycaemic unresponsive- 
ness, decreased excretion of 17-kctosleroids, Kepler’s test with 
an index of 20. 

In spite of the ovarian insufficiency there was no increased 
gonadotrophin excretion, thus indicating a primary piluilaiy 
dysfunction. The decreased function of all endocrine glands 
examined, supports the suspicion of a primary panhypoadeno- 
pituitarism. This diagnosis is also supported by such facts 
as the age of the patient, the sex, the apathy, the premature 
senility, the time relation to a com]>licalcd delivery, and the 
absence of anorexia and gastro-inlcslinal disorders. 

Treatment and Course. 

A number of different treatments were given in successive 
periods, and this made it ])ossihlc to dclcrminc the value of 
these treatments more accurately, A survey of these arc given 
below and shown in fig. 7. 

1. Effect of 20 mo. ECA and 10 (jm. NaCl daily during 32 dny.s. 
Blood pressure increased from flO/GO to an average of 110/70 mm. Hg, 
No significant change of haematocrit readings or numhor of red 
blood cells. Discontinuation of treatment was followed by a fall of 
blood pressure to 95/? mm. Hg. During this period the general con- 
dition improved, and she showed increased initiative, lliough still 
confined to bed. The adynamia remained. 

2. Testosterone propionate (TP) 2"> my./day dm-ing 21 days, re- 
sulted in an inci'caso in weight of 5 kg. and a further improvement 
of her general condition. Tiic patient was able to get up for a few 
hours a daj', and her appetite was much improved. There was no 
significant change in the BMB or serum cholesterol. No improve- 
ment of the axillary or pubic hair growth, nor of the hair growth 
on the head was seen. Blood pj-e.ssure remained unchanged. Inulin 
clearance 30 and diodrast clearance 147 ml./min., corresponding to 
a renal blood flow of 220 ml./rnin. 

.3. Dtirmy the foUowiny 41 days the patient, received 2.3 my TP 
and 3 labl of Thyroxin Poche d t my. daily. The body woigiit rc- 
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mamed at 50—51 kg. Her general condition was much improved 
She showed increased activity. The patient was now up and about 
the whole day. The skin was rosy with signs of increased vascularity 
or the first time. Axillary and pubic hair reappeared at the end of 
this period. The BMR increased from — 45 per cent to + 8 per cent. 
Serum cholesterol decreased to 120 mg. per cent. Blood pressure re- 
mained at 110/65 mm. Hg. Inulin clearance 47, diodrast clearance 
290 with a renal blood flow of 476 ml./min. The thyroxin treatment 
caused an increase in plasma volume of about 50 per cent. 

4. Thyroxin Roche 3 tabl, TP 25 mg., RCA 20 mg., and NaCl iO 
gm. per day for 22 days. Weight increased from 50.5 to 53 kg. There 
was further improvement of the general condition, the patient now 
being fully active. The BMR and serum cholesterol as in period 3. 
Rapid rise in blood pressure to 170/95 mm. Hg. Considerable fall of 
haematocrit readings and red blood cell counts, increase of these 
values towards the end of the period with unchanged blood pressure. 
Inulin clearance 64, diodrast clearance 304, renal blood flow 476 ml./ 
min. Slight increase of the plasma and total blood volume as com- 
pared with the preceding period. 

5. TP 25 mg., RCA 20 mg., and NaCl 10 gm. per day for 24 days. 
Cessation of thyroxin administration was followed by an increase in 
weight of 2 kg., marked decrease of the haematocrit readings and 
the red blood cell counts, while the blood pressure remained at 
175/100 mm. Hg. The blood volume showed a marked decrease, and 
the fluid loss was greater than during any previous period. Inulin 
clearance 66, diodrast clearance 296, renal blood flow 469 ml./min.; 
serum cholesterol unchanged. 

6. Cessation of administration of TP, RCA and NaCl caused a 
marked deterioration of the general condition. The patient was con- 
fined to bed for the greater part of the day. Blood pressure fell to 
115/80 mm. Hg. Some rise of the haematocrit readings and red blood 
cell counts. BMR — 20 — 30 per cent, serum cholesterol 320 mg. per 


The patient was discliarged, and 25 mg.. TP and 20 mg. DC A in- 
tramuscularly wei-e given twice a week, additional sodium chloride 
thyroxin (Roche) 1 tabl. twice daily and vitamins. By this treatment 
she was able to keep up full activity. She returned four months la ei^ 
when five tablets of Perandren and of Percorten (each 100 mo-) ue 

implanted. 
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DISCUSSION 

In this case the diagnosis of panliypoadenopituitarism was 
established beyond all doubt, lliere was a deficiency of the 
gonads, adrenal cortex, thyroid and glandular lobe of the pilui- 
Tary, which had appeared following a complicated parturition. 

The symptoms progressed slowly. 

The treatment resulted in an almost complete restoration 
of health. The patient could resume an active life and tlie lack 
of initiative was replaced hj' a normal ])sychic hchavioui . It 
is of interest to note that these changes occurred after the 
patient had been an invalid for ten years. Similar therapeutic 
results have been obtained by earlier investigators in cases 
of panliypoadenopituitarism treated w'ilh androgens. 

Certain observations made during the thcra])eutic experi- 
ments will be mentioned. The increased sensitivity to thyroid 
preparations, typical of the disease, was also observed here, 
showing itself by a rapid loss of weight, delcriornlion of the 
general condition, and a serious hypoglycaemic attack, even 
with a moderate dose of thyroid. Tliis effect can he explained 
by the property of thyroxin of increasing the already higli 
protein catabolism in these cases, and also of aggravating the 
symptoms of adrenal cortical insufficiency {Bijrom, 1934). At 
a later period the patient was treated with thyroxin in combi- 
nation nilh TP. Only on this occasion was the desired effect 
brought about i. e. the elimination of the hypothyroid com- 
ponent of the disease. This was probably due to the fad that 
TP was also given and this has a marked anabolic effect on 
protein metabolism, and also increases sodium rclcntion (see 
above). 

Prolonged administration of TP (25 mg. per day) did not 
produce any signs of hirsutism or virilism in this case. The 
administration of TP by itself for three weeks was not fol- 
lowed by any signs of axillary or pubic hair growth. When 
thyroxin was added, there was, liowcvcr, a rapid development 
of pubic and axillary hair growth, and an improvement in 
le gtowlh of the hair on the head. Simultaneously, the skin 
showed a markedly increased vascularity. 
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The blood pressure reactions were studied in detail The 
patient showed hypotension, a symptom which always occurs 
in this disease. The diastolic pressure could not always be 
determined. Administration of 20 mg. DCA and 10 gm. sodium 
chloride per day was followed by only a slight rise in blood 
pressure. TP had no effect on the blood pressure, nor had 
TP in combination with thyroxin. However, when DCA and 
sodium chloride were given in the above doses, after TP and 
thyroxin had been administered for some time, a marked rise 
in the blood pressure (up to 170/100 mm. Hg) was seen. 

With the administration of DCA, the changes in the fluid 
balance previously observed and described were obtained: an 
increased blood volume, decreased haematocrit readings and 
red blood cell counts, as well as water retention during the 
first days of medication. After cessation of thyroxin and TP 
administration, the blood pressure remained at the same high 
level despite the decreased blood volume, the increased haema- 
tocrit readings and red blood cell counts, and the increased 
fluid loss. It should be stressed, however, that the BMR re- 
mained high, and the cholesterol values showed only a slight 
increase, in spite of the discontinuation of thyroid for 24 days. 
A fall of the BMR was not observed until treatment with DCA 
ceased. 

It has previously been shown that adrenal insufficiency 
in man is associated with impaired kidney function and low 
clearance values. During DCA treatment some improvement 
of the clearances have been reported {Talbott et al., 1942, 
McGavack et al. 1946, Waterhouse & Keutmann, 1948). In our 
case we found no signs of chronic glomerulo-nephritis: there 
was no albuminuria, the urinary sediment was normal and 
the urine was concentrated to a spec, gravity of 1.021. InuUn 
clearance (Table 1) was 30 and diodrast clearance 147 mUmin. 
during the administration of TP, before the treatment of DCA, 
when the general condition of the patient was already greatly 
improved. Thyroxin increased the clearance values to 47 and 
290 respectively, and the renal plasma flow remained at ap- 
proximately this level throughout the experiment. This result 
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agrees with those reported by Corcoran & Page (1947), who 
investigated the effect of thyroxin on renal function in cases 
of myxoedema. 

DCA increased the glomerular filtration to some extent 
but the renal blood flow remained constant (table 1). 


Table i. 

Effect on Inulin and Diodrast Clearance during Different Pei-iods 

of Treatment. 


Period 

Treatment 

Inulin 

Clearance!) 

Diodrast 

Clearance!) 

Renal 
Blood 
, Flow!) 
Ml/Min. 1 

Filtra- 

tion 

Fraction 

2. 

TP 

25 nig./day 

30 

1 147 

j 1 

1 226 1 

0,20 


TP 



! j 


3. 

1 

I 25 mg. -f- 

1 Thyroxin j 

1 3 mg./day j 

47 

2i)0 

! 1 

i 476 1 

1 

1 

1 i 

0.16 

! 

1 

TP [ 

1 


1 


4. ' 

1 

25 mg. -f ; 

Thyroxin ; 

3 mg. -f- DCA : 

i 

04 

1 

304 

i 

1 

t 

476 i 

0.21 

1 

20 mg. -f 1 

NaCl 10 gm./day j 

i 

1 


i 

i 

i 



TP 

1 

1 

i 

p 


1 

1 

" ! 

j 

1 

25 mg. -f • 
DCA 20 mg. j 
+ NaCI 

10 gm./day j 

i 

66 j 

I 

I 

296 1 

t 

t 

i 

469 i 

! 

( 

i 

0.22 


clearance values coiTocled for body sur- 
face (1.73 square meters of surface area) ‘ 

Abbreviations: TP for testosterone propionate DC \ ^ 

corticosterone acetate. ^ opionato, DCA for dosoxy- 


Ihalta ITaSlfserDCA "i^onstratcd 

can raise an in » comb.nalion with sodium chloride 

a 50 an miiially normal blood pressure in tPof i 

tension (tuft Santesson & Sjogren 104 ^ l ,i 
it was demonstrated ihot ti ' ^948). In the same paper 

onstiated that the hypertensive effect was not ne- 
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cessanly associated with an increase in blood volume such as 
lollows the administration of DCA. In this case too there was 

no^ relation between the changes in blood pressure and blood 
volume. 


In the paper mentioned above the significance of an im- 
paired renal function in the hypertensive effect of DCA was 
discussed. The possibility could not be excluded that the ef- 
fect was, to a large extent, dependent on an impaired renal 
circulation. In the present case, DCA did not raise the blood 
pressure during the first period, when the renal function was 
very depressed. However, a significant hypertensive effect was 
produced by DCA at a later period, when the clearance values 
were greatly improved. This finding does not exclude the 
possibility that an impaired renal function plays an important 
part in the effect of DCA on the blood pressure. It seems that 
in the present case, the presence of a further factor was neces- 
sary for the production of the rise in blood pressure, and that 
this factor appeared after treatment with TP and thyroxin. 


SUMMARY 

The treatment of panhypoadenopituitarism (Simmonds’ 
disease) is summarized. The therapeutic importance of andro- 
genic hormones is emphasized. The main indication for their 
use is based on their property of increasing protein anabolism. 

A case of panhypoadenopituitarism was treated with des- 
oxycorticosterone acetate and sodium chloride, followed by 
testosterone propionate and thyroxin. The patient had been 
an invalid for the last ten years. After treatment she was al- 
most comiiletcly restored to health — except for the ovarian 
function — and was able to carry on a normal life. 

The effect of treatment is discussed, with particular re- 
ference to body weight, general condition, mental activity, 
BMR, condition of the skin, and hair growth. At first when 
the patient was treated with moderate doses of thyroxin alone, 
all the toxic symptoms characteristic of thyroxin were seen. 
Later when thyroxin was given together with testosterone pio- 
pionate, no toxic effects occured. 
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The effect of DCA and sodium chloride on the blood pres- 
sure was studied. When given alone, this treatment did not 
cause a rise in the blood pressure above the normal range. A 
marked hypertensive effect was, however, produced when DCA 
and sodium chloride were given after a period of administra- 
tion of testosterone propionate and thyroxin. 

Renal function measured with inulin and diodrast clearance 
was very poor before treatment and after administration of 
testosterone propionate. Thyroxin, however, almost doubled 
the glomerular filtration and renal blood flow; yet these va- 
lues were still significantly lower than normal. DCA caused 
only minor alterations in the clearance values. 

The significance of the alterations in blood volume and 
renal function in the hypertensive effect produced by DCA is 
also discussed. 
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From the Institute of General Pathology, University of Copenhagen 
(Professor K. A. Jensen, M. D.) 

and the Pathological Department II of the Caroline Institute, 
Stockholm (Professor H. Bergstrand). 

CAN THE ADMINISTRATION OF DESOXY- 
GORTIGOSTERONE ACETATE GIVE RISE TO 
NEPHROSCLEROSIS ?*) 

BY 

POUL BECHGAARD and ANDERS BERGSTRAND 
Copenhagen. Stockholm. 

Desoxycorticosterone acetate (DCA), the synthetic 
adrenocortical compound, is extensively used because of its 
ability to replace the adrenocortical hormones in adrenal in- 
sufficiencies of various kinds. The considerable rise of the 
blood pressure and the effect on the sodium-potassium balance 
of the organism caused by its administration in, for example, 
Addison’s disease, eneouraged attempts to induce an experi- 
mental rise of the blood pressure by means of large doses of 
the preparation. Many investigators have reported that a con- 
siderable rise of the blood pressure has been obtained both 
in experimental animals and in man with large doses of DCA 
given together with saline [Engel el al. 1942, Per rebee et al. 
1939, Grollman et al. 1940, Perera et al. 1944, Roth et al. 1943, 
Softer et al. 1940, Swingle et al. 1941, Thorn, Howard et al. 
1939, Thorn, Dorrance & Dag, 1942). It is remarkable that 

*) The present work was carried out with the aid of a grant from 
»P. Carl Petersens Fond<(, Copenhagen. 
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both in animals and in man already suffering from hyper- 
tension a greater sensitivity to DC A than in normal subjects 
was found (Kahlmann et aL 1939, Perera & Blood, 1947, 
bard & Freed, 1942). Results do not, however, appear to be 
uniform and experiments have also been reported in which 
it wms not possible to induce a rise of the blood pressure with 
DCA alone or combined with saline {Braun-Menendez et at 
1946, Knowlton et at. 1946, Raab, 1942). Perera & Blood 
(1947), with a daily dose of 10 mg. of DCA, obtained a rise 
of the blood pressure in subjects with hypertension, but suc- 
ceeded in inducing it in normal individuals only after lengthy 
treatment. 

Some w'orkers consider that they have found changes in 
the adrenals in cases of essential hypertension in man [Auber- 
tin & Ambard, 1904, Schur & Wiesel, 1907, Philpot, 1909, 
Oppenheimer & Fishberg, 1924, Allen, 1929, Goldzieher, 1931, 
V. Locadou, 1935, Rinehart et al. 1941). This fact, together 
with the hypertensive effect of large doses of DCA, has given 
rise to the assumption that the adrenals play a definite role 
in the development of this disease. 

In order to throw further light on this question, Selije 
(1939 — 46) and his cowmrkers {Dontigny et al. 1946, Hall & 
Selye, 1945, Hall et al. 1946, Masson & Beland, 1943) have 
studied the effect of large doses of DCA in combination with 
saline on various experimental animals, chiefly rats. They 
found histological changes in the kidneys, involving the tu- 
bules, the interstitial tissue, the glomeruli, and the vessels. 
The effect of DCA and saline appeared to be increased very 
considerably if one kidney was removed before the start of 
the experiments, when the changes in the glomeruli and the 
vessels became particularly marked. The abovementioned in- 
vestigators are of the opinion that these renal changes are 
similar to those found in subjects suffering from essential 
hypertension and that the administration of DCA can cause 
nephrosclerosis. They also consider that renal lesions of the 
same kind can be caused by physical strain of long duration or 
lengthy exposure to low' temperatures. Under such conditions 
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there is also an enlargement of the adrenals, this is taken 
to indicate that the effect on the kidneys takes place 
the adrenals. Sehje et al. have sumniari;^ed the results ol 
their experiments as follows: A number of extrinsic factors 
(cold, strain, psychic irritation, etc.) cause a reaction in the 
body which presuniahly consists inter alia in an increase in 
the hormone production of the adrenal cortex (alarm re- 
action) which, on repeated and lengthy irritation, gives rise 
to changes in the vessels, particularly in the kidneys, .similar 
to those found in essential hypertension. 

Closer study of the illustrations of these investigators and 
their descriptions of the histological changes in tlic kidneys 


nevertheless raise doubts concerning their statement that a 
true nephrosclerosis has been produced. In mild cases the 
tubular lesions consist of a dilatation of the convoluted tu- 
bules with an increase in the size of the epithelial cells. Miloses 
can at limes be seen. There is also an increase in the weight 
of the kidneys. Sometimes ])rotcin casts arc also seen in the 
tubules. The glomeruli may be somewhat enlarged but arc 
usually unchanged. In more severe cases there is inflammatory 
oedema with many round cells around the renal ]>clvis, and 
in the interstitial connective tissue of the kidney. There is 
also atrophy of the tubular cells. Finally, in the most severe 
cases new connective tissue is formed in the stroma of the 
kidney; the glomeruli shrink and are hyalinizcd. Large scars 
may thus arise on the surface of the shrunken kidney. 

The lesions arc thus chiefly localized to the tubules and 


the interstitial tissue, whereas the glomeruli and the vessels 
only undergo changes in the most severe cases (very large 
doses of DCA). This is not in agreement with the conditions 
found in nephrosclerosis in which the lesions in the nrtcrioIcK 
predominate even in the very early stages, whereas the lesions 
m the glomeruli and tlie interstitial tissue arc not found until 
the disease (hypertension) has been ])rescnl for some time 
(In the experiments of SeUje et at. the period of treatmcnl 
did not as a rule exceed two montlis). Furthermore, it a]>pears 
that renal lesions of the same lyjic as those described by these 
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authors can be brought about in other ways. Knowlton et al. 
(1946) thus obtained only tubular lesions with DCA and 
saline, whereas they found lesions in the glomeruli and the 
interstitial tissue after the administration of serum containing 
antibodies against the renal substance given either alone or in 
combination with DCA. 

Selye and his co-wmrkers also describe damage to the 
cardiac muscles and the joints reminiscent of those found in 
acute rheumatic fever, as well as arterial lesions which thej’ 
interpret as periarteritis nodosa caused by the administration 
of DCA in combination with saline, in unilateraly nephrecto- 
mised animals. Under the same conditions, cold and strain 
also produce similar changes. 

Myocardial lesions of this kind have also been found in 
patients with Addison’s disease treated with DCA, who died 
of cardiac insufficiency. They have also been demonstrated 
in experimental animals given a diet wdth a low potassium 
content. It therefore appears very probable that these lesions 
are caused by an insufficiency of potassium in the blood 
{Currens & White, 1944, Darrow & Miller, 1942, Godolf & 
Me Bryde, 1944) and that they are not identical with the 
myocardial lesions found in acute rheumatic fever. Peri- 
arteritis nodosa and acute rheumatic fever are generally con- 
sidered to be allergic diseases in which the organic lesions 
are caused by an antigen-antibody reaction. The presence of 
similar vascular lesions in connexion with DCA treatment ap- 
pears to us to indicate that the abovementioned workers have 
probably induced an allergj^ to DCA in their experimental 
animals, and that the lesions are thus not brought about by^ 
a specific effect of the substance administered. 

We therefore consider it justifiable to discuss these ques- 
tions briefly and to give an account of similar experiments 
made by us, particularly since a review of the work of Selye 
et al. has recently appeared in Nordisk Medicin {37, 89, 1948) 
in which the final conclusions of these investigators have, to 
large extent, been accepted. 
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experiments 

1. (Bergstrand). 

Ten male albino rats, weighing approximately 200 gm. wei c 
given daily subcutaneous injections of DCA in solution in oil 
0>Doca«, Pharmacia). The daily doses were 4, 2, 1, 0.5 and 0.25 
mg. respectively. At the same time they also received 2— 5 mg. 
subcutaneously, of physiological saline solution daily. Uni- 
lateral nephrectomy was not performed and they were given 
tap water to drink. The blood pressure was taken daily, using 
the method described by Williams, Harrison & Grollmnn 
(1939). One of the animals that was given 4 mg. of »Docn« 
daily, showed a slow rise of the systolic blood pressure from 
a mean of 120 mm. Hg before the experiment, to approx- 
imately 140 mm. Hg after 14 days. The blood pressure re- 
mained at this level until the end of tlie experiments (two 
months). Otherwise no changes in the blood pressure were 
observed in the experimental animals. 

Histological examination of the kidneys revealed no 
changes in the glomeruli or in the vessels. There was no ap- 
preciable dilatation of the tubules. The epithelial cells of the 
convoluted tubules were usually large with much protoplasm. 
They contained large agglomerations of a structureless sub- 
stance which stained deeply with acids. Here and there lysis 
of the nuclei and disintegration of the epithelial cells were 
seen. No casts of any kind were observed in the lumen of the 
tubules. The lesions corresponded in appearance to the de- 
generative phenomena with hyaline granules occasionally 
observ'ed in the tubular cells. They could also be seen, although 
to a considerably lesser extent, in untreated control animals. 

There were no inflammatory changes in the interstitial con- 
nectiv'c tissue. 


2. (Bechgaard). 

Unilateral nojjhrcciomy was performed on If, alliino rats 
we.gl„„g approximately 200 gm. One pellet eonlnining 20 ,n„’. 
of DCA (.Percorlen., Cilj.a) was implanted suhentnneo.mly in 
10 of the an, mala. Five rnl., were kept a.s controts. Alio the ani- 
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mals were given 0.9 per cent saline solution to drink during the 
entire period of the experiment (4 months). One animal in the 
experimental group and one of the controls died shortly after 
the start of the experiments. Using the same method as in 
the first experimental series, recordings of the blood pressure 
showed a mean rise of 18 mm. Hg in the systolic pressure. 
Microscopic examination (performed by H. Gormsen) of the 
kidneys revealed dilatation of the tubules without epithelial 
damage in four of the experimental animals an(i in one con- 
trol. No damage to the glomeruli or to the vascular system 
could be seen. In one case, however, small infiltrations of 
lymphocytes were observed surrounding a few slightly shrun- 
ken ischaemic glomeruli. 

During the course of the experiments the mean increase in 
body weight was 50 gm. for the controls and 26 gm. for the 
experimental animals. Finally the post mortem examination 
revealed insignificant remains of unabsorbed pellets. 

DISCUSSION 

It is thus seen that we were unable to induce any definite 
or constant rise of the systolic blood pressure by means of 
the administration of DCA together with saline. In those cases 
in which unilateral nephrectomy was performed there was 
a slight rise in the systolic pressure. In the kidneys, a dilata- 
tion of the tubules was found in a few cases and in others, de- 
generative changes in the epithelium of the convoluted tubules 
could be observed. On the other hand, we were unable to de- 
monstrate any damage to the glomeruli or to the vascular sy- 
stem. 

We used somewhat smaller quantities of DCA than those 
usually administered by Selye et al. These writers have, never- 
theless, described renal lesions, which they interpreted as ne- 
phrosclerosis, even with doses as small as those used in our 
experiments. Swingle et al. (1941) also state that the maxi- 
mum effect of DCA on dogs was produced with doses not ex- 
ceeding 0.5 mg. per day. 

Our experiments were only performed on a small scale and 
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not under the best conditions. Nevertheless we a. e of the 
opinion that, without further investigation of this problem, 
the statement that rfarge doses of DCA (possibly wit I. the 
simultaneous administration of saline and unilaleial ne- 
phrectomy) can give rise to nephrosclerosis « must he regarded 

with scepticism. 

By this statement we do not mean that DCA has no cl feci 
whatever on the kidneys. In agreement with other workers we 
have found changes in the renal tubules in some of our ex- 
perimental animals. Nevertheless we consider it doubtful whe- 
ther these changes can be entirely attributed to a S2)ccific ef- 


fect of DCA. Similar change have been found after the ad- 
ministration not only of other hormones of similar chemical 


structure but also of substances of completely different con- 
stitution {Longcope, 1913). 


SUMMARY 

Ten albino rats were treated dail}' for two months with 
subcutaneous injections of 4.0 — 0.25 mg. of desoxycoriicosle- 
rone acetate in oil (Pharmacia) together with 2 — 5 ml. of 
saline. No definite rise of the blood pressure was observed 
after two months. Slight degeneration of the tubular cells of 
the kidney was found in some cases. No changes in the renal 
vascular system were observed. 

Ten unilaterally ncphreclomized albino rats were treated 
with subcutaneous implantation of pellets containing 20 mg. 
of desoxycorticostcrone acetate (Ciba). They were given sa- 
line instead of drinking water. In the course of four months, 
only a slight rise of the blood pressure occurred. 

Slight dilatation of the tubules or degenerative changes in 
the tubular epithelium was observed in some cases, but there 
were no changes in the vascular .system or in the glomeruli. 

It is concluded that under these conditions dcsoxycortico- 
sterone acetate may have a slight effect on the blood pressure, 
but that this is neither constant nor marlced. Furthermore, 
the damage caused to the kidney is not of Die same type as 
lat found m malignant hypertension (nephrosclerosis) in 
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From the Hormone Department of tlie State Serum Institute, 

Copenhagen. 

THE CORTICOSTEROIDS, WITH SPECIAL 
REFERENCE TO THE URINARY EXCRETION 
IN NORMAL AND PATHOLOGICAL CASES 

A SURVEY 

BY 

MOGENS SPRECHLER 

During the last two decades interest has been increasingly 
focussed on the adrenal cortex and its special hormone pro- 
duction, under normal as well as under pathological condi- 
tions. 

As far hack as 1855 Addison described the typical clinical 
picture of adrenal cortical insufficiency, and localized the site 
of the disease. One year later Brown Seqiiard carried out the 
first experimental adrenalectomies; he found that the animals 
died, but did not discover the real cause of this effect. 

It was not until 1913 that Biedl established that the adre- 
nal cortex (AC), and not the medulla, is essential for the 
maintenance of life, and that hormones other than adrenaline 
are secreted in the adrenals. As experimental animals he used 
a species of fish in which the two components of the adrenal 
are separated. 

Addison’s disease was first treated with adrenal cortical 
extract by Osier in 1896, but attempts to produce sufficiently 
pure extracts in quantities to be of use clinically were only 
succesful many years later. 
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In 1925 Rogoff & Stewart showed that adrenalectomized 
dogs and cats could be kept alive for a long time hy the ad- 
ministration of AG-extract. This finding was confirmed by 
Hartman et at. (1928) and by Swingle & Pfiffner (1931). 

In subsequent years Grollman & Firor (1933), Kendall et 
al. (1935) and Wintersteiner & Pfiffner (1935) were succesful 
in isolating several crystalline compounds from the AC of 
cattle. The substances obtained were mixtures, but were suf- 
ficiently pure to be identified as steroid hormones. The gicatest 
difficulty encountered in the production of the extract was the 
removal from it of various toxic impurities, especially adre- 
naline without diminishing its activity. In 1936, however, 
Qartland & Kuhenga described a method for the large scale 
preparation of AC-extract by the extraction of beef adrenals 
with acetone. After a complicated purification jiroccss they 
ultimately produced an extract, each ml. of which represented 
40 gm. of adrenal gland and contained 0.6 — 1.0 mg. of solids. 
Dissolved in 0.9 per cent NaCl and 10 per cent ethanol and 
kept at a temperature of 4° C. it remained stable for at least 
a year. Kuhenga (1943) found that extracts prepared from 
pig adrenals possessed much higher biological activity. 

The pure crystalline AC-hormones have been isolated from 
such extracts. Thus Kendall and co-workers isolated dchydro- 
corticosterone and corticosterone in 1936. The latter substance 
was almost simultaneously isolated by Wintersteiner (C Pfiff- 
ner and by Reichstein. These investigators later isolated most 
of the 28 different adrenal cortical steroids now known. Reich- 
stein has been particularly successful in this work, using 
Girard’s reagents and subsequent chromatographic analysis. " 


THE CHEMICAL STRUCTURE 

According to Reichstein & Shoppee (1943) all AC-steroids 
hitherto isolated can be roughly divided into three groups ac- 
cording to the number of carbon atoms, and it is found that 

C Im Tl ’"r ” ® ““ 

The a, group may be further subdivided by the 
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number of oxygen atoms present; the following groups have 
been found; 8 (a.Og), 9 (C,,0,), 5 (C21O3) and 2 (C^^O,). 
The adrenal cortical steroids all contain the fundamental 
nuclear skeleton, i. e. the perliydrocyclopentenophenanthrene 

ring sj'stem in common vvith the sterols, bile acids and sex 
hormones. In the present paper only the six steroids from AC 
which have a hormonal activity specific for this gland and so 
far identified will be mentioned in detail. They are all derived 
from pregnane, which is a 17-ethyl derivative of ethiocholane. 

A few features of the structure will be more fully discussed 
as they are often of great significance in the biological activity 
of the compound. 

The methyl groups attached at Cj3 and Cj^ are always on 
the same side (cis relation) and above the ring system, which 
is considered to be in the plane of the paper. The bond from 
the carbon atom to the substituent is then shown as a solid 
line. It is customary to place the configuration of all other 
substituents in relation to the given methyl groups, so that 
those lying on the same side as these are said to have the 
{^) configuration, shown as a solid line, while those lying on 
the opposite side of the molecule have the (a) configuration, 
and are shown by a short broken line for the bond connecting 
the substituent to the carbon atom. Ring A (Fig. 1) is un- 
saturated between and Cj, this is shown by two solid lines 
and frequently referred to in formulae by A'*; the superscript 
refers to the carbon atom from which the double bond origin- 
ates. Cjs and Cjo are applied to the carbon atoms in the methyl 
groups at Cj3 and Cm. The carbon atoms of the ethyl group 
attached at has been called and C,j. 

Shoppee (1947), von Eniv & Reichstein (1947), and Mason, 
(1948) , have established the position of the various substituents 
in the molecule, so that we now know that the side chain of 

always has the (/5) configuration. This also applies to the 
hydroxyl group at if such be present, while the hydroxyl 
group at Cm in the three compounds mentioned has the (a) 
configuration . 

The hormonal activity of AC steroids is apparently greatly 
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dependent on certain features of the molecular structure, of 
which the following may be emphasized : 

1) the 3-keto- A^-group (called a a, ^-un saturated ketone 
group), 

2) the 17-(^) -orientated side chain -CO.CH^OH, 

3) the hydroxyl or ketone group attached at 

The two former groups are present in all the physiological- 
ly active AC steroids. A few compounds also contain 3), which 
seems to be essential for the effect of the steroid on cai bo- 
hydrate and protein metabolism, and on the muscular activity. 

Fig. 1 shows the structural formulae of active cortico- 
steroids so far isolated from AC extract. They have, however, 
only a small fraction of the total activity found in the gland 
concentrate. After crystallisation of these steroids, the so- 
called amorphous fraction remains, wdheh according to various 
investigations, contains up to 80 to 00 per cent of the total 
biological activity of the concentrate. In addition to 11-de- 
hydrocorticosterone Lowensiein & Zivemer (1946) have fur- 
ther isolated two incompletely defined substances from con- 
centrates of AC extract. The total biological activity of these 
substances represent 80 per cent of the original extract. One of 
the substances is claimed to be a ketonic steroid having the 
empirical formula and yielding ascorbic acid 

on mild anaerobic analysis. The substance had no specific bio- 
logical effects, suggesting that is wrns not pure. Finally, Harf- 
man et al. (1947) claim to have isolated, by chromatographic 
adsorption, an AC steroid which has an effect on the deposi- 
tion of fat in the liver during inanition. This substance has, 
however, not been definitely characterized. 

In addition to the above mentioned steroids, several others 
have been isolated wdiich are biologically inactive and may 
represent conversion products or precursors of the biologically 
active steroids; finally, it should not be forgolton that AC in 
addition produees adrenosterone which has an androgenic ef- 
fect, and also oestrone and progesterone. 



PREGNANE 




17-HYDROXYCORTICOSTERONE I !-DEHYDR0-l7-HYDR0XYC0R= 

TICOSTERONE 



DESOXYCORTICOSTERONE 17-HYDROXY— DESOXYCORTI = 

COSTERONE 

Fig. i. 

The structural formulae of biologically active corticosteroids so far 
isolated from AC extract. 
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The production of the extract and the subsequent isolation 
of the individual substances have shown that the hormone 
-content of AC is very small. Thus Kendall (1942) made quan- 
titative determinations of 10 different steroids in an extract 
produced from 500 kg. of beef adrenals, and found amounts 
of biologically active substances ranging from 100 to 300 mg.; 
the amounts of desoxycorticosterone (DOC) were however 
negligible. 

The preparation by Steiger & Reichstein in 1937 of DOC 
in vitro from the plant sterol, stigmasterol, was therefore an 
important advance. Later a series of the previously isolated 
AC steroids were synthetised including the active Gj^^- 
oxygenated substances with the exception of 17-hydroxycorti- 
costerone. The syntheses have been made essentially from 
desoxycholane acid and cholesterol. They are all partial syn- 
theses, since it has not yet been possible to synthetise the 
steroid nucleus. The basic material, thez'efore, must always 
be the natural substances possessing the typical » 4-ring 
system<K. 


THE ADRENAL CORTICAL HORMONE 

The finding of so many steroids with such different ac- 
tivities in the adrenal cortex has given rise to a good deal of 
discussion as to their true nature, with particular reference 
to the question: 1) whether there is one substance which is 
the adrenal cortical hormone proper, or 2) whether AC forms 
qualitatively different hormones, as in the case for the pi- 
tuitary gland. The histological structure of AC is not uniform 
and this is in keeping with the latter view. Most investigators 
are in favour of a dualistic view, partly because of the great 
difference between the effect of DOC and the C^.-oxygenated 
corticosteroids, and also because of the many different de- 
ficiency symptoms which follows adrenalectomy, and wliich 
cannot be ascribed to the absence of any one of the known 
steroids. A few authors have claimed that there are other 
factors, e. g. Hartman’s sodium factor and permeability factor, 



but, like KcndalVs life-maintenance factor, these can all 
be filled into the dualistic theory. 

^ cT^ar, in particular, advocates the Unitarian theory stres-. 
sing that DOC possesses all the properties of corlin. Against 
this certain objections have been raised, 1) that DOC has only 
a slight effect, or none at all, on carbohydrate metabolism, 
2) that occasionally patients with Addison’s disease fail to 
lespond completely to DOC alone, when in combination with 
AC-cxliact it is effective, and 3) that there is some doubt, 
whether DOC is actually present in the body. The whole ques- 
tion has been further complicated by recent studies which 
show that the secretion of hormones in the adrenal cortex 
is much greater than the amounts which can be isolated from 
the glands. This suggests that the hormone is not stored in 
the AC. but is being continuously synthetised from inactive 
precursors and immediately poured into the blood stream. 
This is particularly shown by the investigations of Vogt (1943, 
1944, 1947), who determined the hormone content in the 
venous blood from the adrenals of dogs and, in the course of 
these studies, found that the 24-hour output of both adrenals 
in a dog weighing 10 kg. corresponded to the liormone content 
of 17 kg. of glands. Vogl calculated that this amount cor- 
responded to about 54 mg. of ll-dehydro-17-hydroxycorlico- 
sterone or 1000 times the total daily excretion of biologically 
active substances in the human urine. Similar values have been 
found 1)3’ others, e. g. h3' Olson et nl. (1944). At the same time 
it was established that cortin quickly passes from the blood 
stream into the tissues, even in nephrectomized and eviscerated 
animals. Furtliermore, it was shown that there was an in- 
creased excretion of hormones from the adrenals following the 
injection into the animal of amounts of adrenaline similar to 
those levels following splanchnic stimulation (6— -S pg. per 
kg.). The increased excretion occurred rapidly and was of 

very short duration. , , . 

It would be outside the scope of this article to deal in 
»re.ilor detail with the mode ot action ot the adrenal cortical 
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hormones, especially as so much about this subject is still 
obscure. On the whole, it has been possible to attribute the 
changes which follow adrenalectomy to disturbances in the 
carbohj'drate metabolism {Boggild, 1925; Evans, 1941; Abelin, 
1946; Jonas, 1946), protein metabolism [hong, 1942) and 
electrolyte metabolism (Heni, 1947). This finding, together 
with the results of experiments with the individual pure 
crystalline steroids make it possible to group the biologically 
active AC steroids as follows; 

I) Corticosteroids wdth no oxygen attached at C,, having a 
specific effect on water and electrolyte metabolism. 
These steroids may be called mineralo-corlicoids. Desoxy- 
corticoslerone and perhaps the amorphous fraction be- 
long to this group. 

11) Corticosteroids with oxygen attached at C,, having a 
specific effect on protein and carl)ohydrale metabolism. 
They have been named; Glucocorticoids. Corticosterone, 
11-dehydrocorticosterone and their 17-hydroxy derivat- 
ives belong to this grouji. 

Ill) Steroids having sex hormone actions, including the an- 
drogens, the ocstrogens and progesterone. 

This division into groups according to the effects produced 
is by no means absolute, 'hut only express the most important 
property of any given substance. Thus glucocorticoids also 
have some effect on water and salt metabolism. 


BIOLOGICAL TESTS FOR THE DETERMINATION OF 
THE CORTICOSI'EORIDS 
These may be listed as follows: 

I) a) The life-maintenance test 

in the dog: Swingle cC* Pf if fixer, 1932. 
in the rat; Katz, 1931. 

Grollmnn & Firor, 1933. 
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b) The life-maintenance and growth test 

Cartland & Kuizenga, 1936. 
Kuizenga, 1943. 

c) The growth test 

Grollman, 1941. 

d) The cold test 

Selye & Schenker, 1938. 

The cold test modified 

Tyslowitz & Astwood, 1942. 

Ross, 1943. 

II) Carbohydrate tests (which measure the glucocorticoids) ; 

a) The liver glycogen deposition tests 

Reinecke & Kendall, 1942, 

Olson et al., 1944. 

Eggleston et al., 1946. 

Dorfman et al., 1946 a. 

Venning et al., 1946. 

h) The diabetogenic test on intact rats 

Ingle, 1941. 

c) The diabetogenic test on partially pancreatectomizecl 

Ingle, 1941. 

d) The anti-insulin test 

Grattan & Jensen, 1940. 

Ill) The muscular performance tests; 

a) The muscular work test of 

Everse & de Fremery, 1932. 

b) The muscular work test of 

Ingle, 1938, 1944. 

c) The swimming test 

Gaarenstroom et al., 1937. 
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!V) The test of the renal function in adrenaleetomired dog 

Pfiffner, SiviriQilc & Ti ots, 1934. 

The test of sodium retention in normal dog 

T-f nrtmnn fi.i Cll.. 1941. 


The above test modified by use of radiosodium 

Murphy & Dorfman, 1947. 

The potassium excretion test in normal animals 

West, 1942. 


The test of semicontraction of mclanophores of the car]) s 
scales 

Giroiid, Santa & Martinet, 1939. 

Several tests which measure the increased resistance to 
intoxications, poisoning and shock 

Evcrsole, Gaunt & Kendall, 1942. 
Pcrla & Gottesmon, 1931. 

Feil cC- Dorfman, 1945. 

Leim's & Page, 1946. 

Elmadjian & Pinciis, 1944. 


Of all the tests mentioned above, only the carbohydrate 
tests are according to the present findings specific in the 
determination of a particular group of corticosteroids, viz. 
the glucocorticoids, which constitute perha])s the most im- 
portant fraction of cortin. These steroids arc also the most 
potent in the muscular performance tests, but as some authors 
have also found a DOC effect in experiments with these tests, 
it will be necessary to retain them in a special grouj). In the 
tests (I) and (IV) the activity of all the known biologically 
active corticosteroids are shown. The tests most commonly 
used have been: I d, II a, III a and b. 

The cold test is based on the great sensitivity to cold of 
adrenalectomized rats, and the ability of the AC hormones 
to increase the resistance of these animals under such condi- 
tions, the prolonged survival observed after injection of the 
hormones being used as a criterion of the effect. It is claimed 
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to be the most sensitive of the tests, allowing of the determina- 
tion of as little as 10 |rg. of corticosterone. Most investigators 
find, however, that animals vary greatly in sensitivity from 
day to day, and the individual results of each experiment show 
a great dispersion; a large number of animals and much ex- 
tract are required, and it is advisable to use a standard dose 
in each assay. Dorfman et al. (1946 b) were able to de- 
monstrate the effect of 0.05 ml. of AC extract. Extract from 
the urine of male subjects were found to be active in doses 
corresponding to 15 to 40 ml. of urine, but in the case of 
larger doses there was a steep decline in the log dose-response 
curve, suggesting that a toxic factor was involved which fur- 
ther restricts the practical application of this method. The 
present studies show that this method would be even less 
satisfactory for the routine determinations of the urinary ex- 
cretion of corticosteroids. In the cold test all the cortico- 
steroids which have a life maintaining effect on adrenal- 
ectomized animals are assayed. 

The liver glycogen deposition tests are in principle based 
on the inability of the fasting adrenalectomized animal to 
form carbohydrate from protein, while at the same time the 
oxydation of carbohydrate in the peripheral tissue is ac- 
celerated, resulting in a depletion of the glycogen depots, 
especially those of the liver. 

As far back as 1932 Britton & Silvette showed that AC 
extract was able to restore the blood sugar and the liver and 
muscle glycogen depots. But it was only in 1942 that Reinecke 
& Kendall developed a method for the quantitative determina- 
tion of the AC hormone, which was based on this effect. Olson 
et al. modified this method in 1944. These investigators showed 
that the hormone is best given in saline or in 10 per cent 
alcohol, and that the injection in an oily medium gave only 
a 50 per cent utilisation of the hormone or extract. Rats were 
used in these methods of standardisation, which were, how- 
ever, partly abandoned, because their sensitivity was not suf- 
ficiently great for the determination of the small amounts of 
active substances normally present in urine. Long, Katzin & 
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Frij (1940) observed that the injection of AC extract into 
mice brought about a very high deposition of glycogen m the 
liver, and on the basis of this finding, two methods were de- 
veloped in 1946, one by Venning, Kazmin & Bell, the other 
by Eggleston, Johnston & Dobriner. In both methods adrenal- 
ectomized mice are used, the experiment starting on the 4th 
postoperative day. In the former method the livers of the mice 
are depleted of glycogen by a preceding fast; in order to obtain 
a greater sensitivity, glucose is administered together with the 
hormone. The dose of glucose should lie such as not to cause 
any deposition of glycogen in the liver when administered 
alone. The total dose of the extract is given in 7 injections 
spread over 51/2 hours. One hour later the liver is removed 
and the glycogen content determined. The results are expressed 
in mg. of glycogen per 100 gm. of body weight. The assay is 
performed using ll-dehydro-17-hydroxycorticosteronc as a 
standard. The biological activity of 1 pg. of this substance 
= 1 glycogenic unit. In the latter method the experiment is 
started with a certain level of glycogen in the liver, which is 
achieved cither by injecting a certain amount of AC extract 
on the third postoperative day or by not removing the food 
until immediately before the first injection of the experiment. 
In this method the ability of the hormone to maintain the 
glycogen level is determined, while in the former method the 
ability of the hormone to produce deposits of glycogen in the 
liver is determined. 

Both methods are considerably more sensitive (at least 
50 times) than the original method described by lieinecke A' 
Kendall, and it is thus possible to determine the small amounts 
of active substances present in urinary extracts. In the ex- 
periment there is some individual variation to the response, 
which is, however, not so great as to prevent fairly uniform 
results being obtained by the use of 6 to 10 animals in each 
experiment. Thager (1946), using rats, found an error of ± 20 

per cent in the assay, and stated this is somewhat higher in 
experiments with mice. 

A number of findings have been published on the relative 

Acta enciocrinol, Vol i I 
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activity of the various crystalline corticosteroids, e. g. by Olson 
et al. (1944), Pabst et al. (1947) and Dorfman et al. (1946 a) 
Most investigators find only a slight difference between the 
activity of corticosterone and its 11-dehydro derivative, while 
ll-dehydro-17-hydroxycorticosterone is t\yo or three times so 
potent. The log dose-response curves of these substances are 
parallel, and it is interesting to note that the curve for urinary 
extracts has a similar slope, so that in fact they can all be 
used as standards. The 17-hydroxycorticosterone is the most 
active, but it differs somewdiat from the others, and this is 
seen clearly by comparing the log dose-response curves, which 
is very steep for the latter substance. It has been suggested 
that the oxygenation at is of special significance in this 
connection. It should be mentioned that 17-hydroxycortico- 
sterone was also found most active in the work test {Ingle, 
1944; Ingle & Kuizenga, 1945; Pabsi et al., 1947), and in the 
anti-insulin test {Grattan & Jensen, 1940). 

When preparing AC extracts for clinical use it is important 
that they should contain a certain amount of the two groups 
of corticosteroids. Unfortunately no specific test for the de- 
termination of the mineralocorticoids is at present available, 
and hence it is necessary to use one of the tests in group I 
and the sodium retention test of Hartman et al.; in addition 
it would seem desirable, as stressed by Thager (1946), to test 
the activity of the glucocorticoids, since their content varies 
much more than that of the other factors. 


THE URINARY EXCRETION OF CORTICOSTEROIDS 

Normally the blood content of corticosteroids is so small as 
not to be demonstrable even with the most sensitive methods. 
In 1931, however, Perla & Marmorston-Gottesmann showed 
that a benzene extract from urine was able to increase the 
resistance of the adrenalectomized rat to histamine poisoning. 
This discovery was followed in the next few years by a large 
number of publications which showed that cortin is normally 
excreted in the urine, that its excretion may be increased or 
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reduced in certain pathological conditions, and that it may 
undergo physiological variations {Grollman & Firor, 1933; 
Anderson & Haymaker, 1937, 1938; Weil & Browne, 1939, 
1940 1944; Dorfman ci al., 1942, 1943; Horwitt et al., 1943, 
Schiller et al, 1943; Shipley ct aL, 1943). An examination of 
the available literature shows that these pioneer studies give 
only few numerical data on the amounts excreted, and that 
the investigations have only been carried out on a few subjects. 

With the adoption of the various chemical methods for the 
determination of these substances in the urine, however, find- 
ings in a large number of subjects have been rc])ortcd during 
the last five years, especially in America. These included nor- 
mal subjects as well as subjects with pathological conditions, 
and these studies suggest that the determination of the urinary 
excretion gives a fairly accurate indication of the adrenal cor- 
tical secretion of corticosteroids. VoyVs studies in j)articular 
have shown that only a small proportion of the amount ac- 
tually produced is excreted in an active form, so that the 
amount excreted gives only a rough indication of the amount 
produced. Furthermore it should be stressed 1 ) that wc do 
not, as yet, know all the details about the structure of the 
biologieally active corticosteroid-like substances in the form in 
which they occur in the urine {lAebcrman et al., 1947; iMasan 
& Sprague, 1948), and 2) that in the determinations of the 
hormone by chemical methods the values obtjuned will often 
be too high as various inactive steroids are i)robably included. 

Preparation of the urine extract: 

In biological tests the i)unty of the final extract need not 
be particularly high, as the assay will be unsatisfactory only 
if the preparation is toxic to animals. While being collcclcil 
the urine should, therefore, be stored in a cool place or be 
treated with chloroform as preservative. After completion of 
the collection, extraction sJiould be done within 48 hours, 
otherwise the urine should he frozen, in which slate it will’ 
probably keep for a very long time. In the case of a higli litre 


6 * 
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a 24-hour urine specimen is sufficient,, otherwise a specimen 
collected over 48 hours is necessary. The urine is acidified to 
Ph 1 with H^SO^, and it is then possible according to Venning 
et al. (1946) to extract an amount of biologically active ma- 
terial which is about twice that obtained for untreated urine. 
Extraction is carried out with ethylene dichloride or chloro- 
form, 1/4 vol. three times. The extract is evaporated in vacuo, 
and the temperature should never exceed 40 — 50° C, as the 
active substances are rather labile. The residue is taken up in 
chloroform, which is extracted with N/10 NaOH and water. It 
is then evaporated to dryness and stored in the cold (—10° C) 
until the day of assay. 

If the extract is to be used for the chemical determination 
of the corticosteroids, essentially the same procedure may be 
used, or chloroform-ether (1:4) may be used as the means of 
extraction {Heard et al., 1946) ; since, however, the chemical 
methods most commonly used depend on the reducing power 
of one or more substituents in the molecule, it is necessary to 
carry out the extraction very carefully, to avoid all other re- 
ducing substances which might influence the results, and only 
use very clean glassware and very pure reagents. Usually much 
smaller amounts of urine will be sufficient. The chemical 
assay may be carried out on the crude extract, but with this 
procedure there is a risk that the values obtained may be too 
high; one possible reason for this is the presence of non-ke- 
tonic reducing substances. 

For a further purification of the extracts the procedure 
described by Venning et al. (1944), and later, by Talbot et al. 
(1945) may be used: 

Solution of the dry crude extract in benzene, 
extraction of the benzene with water several times, 
extraction of the water fraction with chloroform, removal of 
the chloroform by evaporation, 
partition of the residue with Girard’s reagent T into the ke- 
tonic and non-ketonic material, 
chemical determination of the ketonic fraction. 

These procedures are fairly elaborate and time consuming. 
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Thompsett & Oastler (1947), however, found only slightly 
higher, but constant values when the partition between hen- 
zene and water was omitted. Talbot et al. ran the four C„' 
oxygenated corticosteroids through all the above procedures 
and obtained an average of 91 per cent in the ketonic fraction. 
Furthermore they showed that the more oxygenated biologic- 
ally active corticosteroids passed quantitatively into the water 
while corticosterone and its 11-dehydro derivative was ic- 
moved incompletely. DOC remains entirely in the benzene. By 
biological assay of the ketonic fraction, Venning ct al. found 
an activity approaching that which one would expect in the 
case of a pure crystalline glucocorticoid; but as has already 
been noted, the chemical determination will often give slightly 
higher values. 


Chemical methods for the determination of the corticostcroid- 

Wce substances in urine. 

1. Fieser, Fields &. Licberman (1944) assayed certain steroids 
in the urine by means of the periodic acid oxidation reac- 
tion. In 1945 Dobviner ct al. showed, however, that the me- 
thod was unreliable for assaying the corticosteroids. 

2. Lowenstcin, Corcoran & Page (1946) modified the method, 
introducing a quantitative measurement of the formalde- 
hyde liberated by the oxidation by which procedure 1 mol 
per oxygenated mol of corticosteroid is obtained. Oxygena- 
tion takes place at the primary alcoholic group at C,,. 

3. Daiighadaij, .Jaffe & Williams (1948) were able to use the 
method for the determination of the pure crystalline cor- 
ticosteroids, but this method could not be applied to uri- 
nary extracts. These authors therefore introduced a distil- 
lation procedure, which eliminated the unspecific coloured 
substances present in the urine. To the destillale »chromo- 
tropic acid reagent« is added and the colour developed is 
compared colorimetrically with that obtained with known 
solutions of formaldehyde. Cortin is used as standard 
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4. Talbot, Saltzman, Wixom & Wolfe (1945) used Nelson’s 
modification of Folin & Wu’s method for the determination 
of blood sugar to assay substances in the urine which are 
believed to correspond to those corticosteroids which have 
a ketonic or hydroxyl group at and which have a sugar- 
like or ketolic side chain and a hydroxyl group at Cj.. The 
reaction is dependent on a reduction of cupric ion to a 
cuprous ion, which in turn reduces the arseno moljdjdic 
acid and develops a blue colour which is measured photo- 
metricallj' at 660 mu. Amounts as low as 18 pg. can be 
measured. Corticosterone is used as a standard. 

5. Heard, Sobel & Venning (1946) developed a method which 
is based on the glucose-like reducing ijropertj" of the pri- 
mary a-ketol side chain at C,. and of the unsaturated a,fi- 
3-keto group. The authoi’S called these substances: »The 
neutral lipide-solublc substances of urine«. For the deter- 
mination of the reduction property, Folin & WiTs phospho- 
molyhdic acid reagent is used. The blue colour which deve- 
lops is read in a photometer at 650 mu. The results are 
expressed in terms of mg. DOC, which is used as standard. 

Evaluation of methods for the determination of corticosteroids 
in the urine. 

It is difficult to decide which of the methods described gives 
the fullest and most reliable information about the function of 
the adrenal cortex which, as already mentioned, possesses a 
variety of functions. There are good reasons for using the 
liver glycogen deposition test, since with this method we can 
measure substances of specific and high biological activity, 
which in all probability originate only in the adrenal cortex. 
Besides, they constitute what is pei’haps the most important 
fraction of the corticosteroids and are of great importance to 
the organism: e. g. for protein and carbohydrate metabolism, 
for muscular activity and possibly other processes necessary 
for the maintenance of life. Moreover it wmuld seem that they 
are essential for the resistance to »stress« and other external 
influences. 
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In many cases a chemical determination will undoubtedly 
be sufficient, but since the values obtained may, under eer- 
tain circumstances, be too high, a simultaneous biological 
determination would at present seem desirable. The two last 
mentioned chemical methods (4. and 5.) are those which have 
been most commonly used, but it is difficult to ventui c an 
opinion as to the specificity of the methods before knowing 
which radicals take part in the chemical reaction. 

It should be pointed out that in the determination of the 
neutral 17-ketosteroids in the urine, the biologically active 
corticosteroid-like substances arc not included. 

Ui'inanj excretion in normal subjects. 

In 1946 Venning & Kazmin reported the results of investi- 
gations made on a large number of normal subjects, in whom 
the amount excreted was determined biologically by means of 
their liver glycogen deposition test. The results are shown in 
table 1. 


Table /. 

The figures in brackets below the results give the average result. 



Venning et al 

Heard et al. 

Lowen- 
stein 
el al. 

Talbot 
el al. 

Rlyof?onic 

unii.s/ 

24 hrs. 

ralio lo 
normal 


ratio lo 
normal 

Unit: Cor- 
n'll 

ms /2I lirs. 

Unit l1-(ifhy- 
lirororlirovo- 
rom* ni<.'/2l hr.<!. 

Normal men 

40-85 

1.0 

1.1— 2.1 

1.0 


*1 



(60) 


(1.53) 


1 0 5—0 8 


0.10-0.45 

Normal women 

25 — 65 


1.0- 2.0 1 




(0.22) 


(41) 


(1.34) 



w 

1 


Children 2,5 year 

36 

0.60 

0.32 

0.21 



- - — — 

3.0 ~ 

42 

0.71 

0.47 

0.31 




5.0 — 

53 

0.93 

0.70 

0.46 




7.0 - 

58 

0.98 

0.79 

0.52 





It IS seen that the values for women are about onc-Uiird 
lower than those tor men. Furthermore, it is interesting to 
note that while excretion at birth is very loiv, it rises tairlv 
lapidly to reach the adult level at the 5lh year, in contrast t'o 
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the 17-ketosteroid excretion, which only reaches correspond- 
ingly high levels much later in life {Hamburger, 1948). 

For comparison the results in a number of normal sub- 
jects tested by Heard, Sobel & Venning (1946) by means, of 
their chemical method are shown in the table. Here too the 
average values for the two sexes show a clear difference. The 
figures in children are somewhat lower than those found by 
the biological method. It should, however, be emphasized that 
only a few urines from children have been assayed and, that 
the chemical method possibly assays other steroids in addi- 
tion to the glucocorticoids. 

Finally, the values obtained by Talbot et al. (1947) and by 
Loioenstein et al. (1946) by their respective chemical methods 
have been given. They found no difference between the two 
sexes. Shipley et al. (1946) studied the urine of 7 normal sub- 
jects with the cold test and obtained values corresponding to 
0.5 — 1.8 mg. of 11-dehydrocorticosterone in 24 hours, while 
in twelve subjects tested with the liver glycogen test, they 
found amounts corresponding to 0.2 — 0.8 mg. of ll-dehydro- 
corticosterone. The cold test is not comparable to the glycogen 
test, since it is possible that other corticosteroids may have an 
effect on it. The values are not directly comparable to those 
obtained by Venning et al. (1946), because they used another 
standard, viz. 1 l-dehydro-17-hydroxycorticosterone. Finally it 
should be observed that the urine was extracted at pj^ 5.5 — 
6.5. 

Diurnal fluctuations. 

It has recently been shown that the excretion is at its lowest 
level during sleep, i. e. in the morning urine, and that it is 
higher in the forenoon than in the afternoon {Pincus, 1947 a; 
Talbot et al, 1947). 

Stress. , 

A number of studies {Venning et al., 1946; Browne et al., 
1947; Pincus, 1947 b) have been performed showing that the 
excretion rises after exertion or other »stress«. Thus Venning 
et al., by examining the urine obtained from a group of sol- 
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diets before and after marching, found a three-fold rise m 
the glucocorticoidal activity. 

Pregnancy. 

While no variation in excretion has been found during the 
menstrual cycle, Venning (1946), in studies on 9 pregnant 
women, found a moderate rise in the values in the first third 
of pregnancy, followed by a return to normal values. From 
about the 150th day the values rise again and may attain a 
very high level. A simultaneous determination of the 17-kelo- 
steroids showed only a very small, or no, rise. Tohian Jr. 
(1948) assayed the urinary excretion by means of the method 
devised by Lowenstein et al. and found values in noi’mal preg- 
nancy twice the normal, while the values rise furthermore in 
case of twins, toxemia and hypertension. 


THE EXCRETION IN THE URINE IN PATHOLOGICAL 

CONDITIONS 

Hypofunction of the adrenal cortex. 

This, as is well known, may be caused by a lesion in the 
adrenal cortex, due frequently to tuberculosis, but may also 
be produced by a lesion in the anterior lobe of the pituitar 3 ’ 
gland and possibly in the hypothalamus, bringing about a 
reduced production of the corticotrophic hormone, \vhich re- 
sults in atrophy of the adrenal cortex. In Addison’s disease 
low values are generally found, even though a few patients in 
good general health will show values within the normal limits. 
In AC-insufficiency with a hypophj'seal aetiology, very low 
values are almost always found. Hence the determination of 
the corticosteroids can be used to differentiate this condition 
from anorexia nervosa, in wdiich the excretion is normal. 

Reduced values are also frequently found in hypofunction 
of the thyroid gland. In these cases there is a fairly good 
agreement with the excretion of 17-ketosteroids. 
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f^ypcrfunction of the adrenal cortex. 

Increased excretion of corticosteroids is found in cases in 
which unspecific pathological changes are present. They can 
ai! be correlated with Selye's theories on the adaptation syn- 
drome. These conditions include infections, operations, burns 
and other serious injuries to the body {Shipleij et al, 1946; 
Browne t'c Venning, 1947). The excretion generally rises ra- 
pidly, most frcfiuently within the first 24 hours, and the rise 
may persist for a very long time, not uncommonly until 
healing is complete. Thus, Talbot et al. (1947) found that 
with an extensive burn there were high values which per- 
sisted lor as long time as 2 months. In these cases the ex- 
cretion of 17-ketosteroids is usually normal. 

Among the diseases involving hyperfimction of the adrenal 
cortex, two distinct types may be differentiated, viz. Cushing’s 
syndrome and the adrenogenital syndrome (Cahill, 1944; 
Dahl-Iversen & Hojensgaard, 1947; Wilkins, 1948; Soffer, 
1948). There are, in addition many types transitional between 
the two and, as em])hasized particularly by Kepler, types of 
the disease in which only one s 3 'mptom is pi-esent. The studies 
of Venning et al. (1947) suggest that in Cushing’s syndrome, 
an overproduction of the glucocorticoids is the decisive factor. 
They found a greatly increased excretion of these steroids, 
while the excretion of 17-ketosteroids was normal or slightly 
increased. Studies on a large number of subjects are, however, 
required in order to confirm these findings. In the adrenoge- 
nital syndrome the position seems to be the reverse, which is 
in agreement with the hypothesis that the decisive factor here 
is a greatly increased production of steroids with an andro- 
genic effect: high 17-ketosteroid values but normal or slightly 
increased corticosteroid values are thus found (Dobriner et al. 
1942; Patterson et al., 1942; Callow & Crooke, 1944; Mason & 
Kepler, 1945; Venning, 1948; Wilkins, 1948). 

Another problem of great practical significance in clinical 
medicine, is the differentiation between tumour and hyper- 
plasia of the adrenal cortex. The studies carried out up til 
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now seem to indicate that the corticosteroid determination is 
of no real significance. 

In table 2, an attempt has been made to list the significant 
values so far obtained; the scattered lesults on individual 


Table 2. 

The figures in brackets above the results show the total number 
of subjects examined. 


Disease 

Venning et al. 

glyogenic 
units/24 hrs. 

Daughaday et al. 
(Unit; Gorlin) 
m"/24 hrs. turine 
acidified to; Ph 1.7) 
Normal values: 
l.O-l.Gmg 

Talbot et al. 

(Unit; 11-dehydroeor- 
ticosferone) mg/24hrs. 
(vinaciilified urine) 
Normal values: 
0.10—0 44 mg 

h 5 'pofuncUon 
of AC. 

(4) 

< 10 

(6) 

0.3-0.65 

(17) 

0.02—0.29 

hypopitu- 

itarism. 

(4) 

< 10 

(?) 

0.5-0.8 

(7) 

0.04-0.29 

6 of 7 < 0.18 

anorexia 

nervosa 

(3) 

17-36 



hypothyro- 

idism. 


diminished 

(2) 

0.07-0.13 

Cushing's 

syndrome 

(5) 

137—700 

(?) 

+++ 

(12) 

0.6-12.0 

adrenogenital 

syndrome 

(?) 

norm.or 

(+) 

(?) 

(+) 

(5) 

0.24—0.57 

hirsiitisra, 

(simplex) 

(4) 

39-65 


(3) 

0.23-0.32 


subjects found in the literature have been left out. Some in- 
vestigators have subdivided the adrenogenital syndrome; this 
subdivision is, however, omitted from the table, which is li- 
mited to the excretion of corticosteroids. 

Simple hirsutisme has been included, being undoubtedly 

a border line pathological condition (cf. monosymptomatic 
forms). 
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THE VALUE OF THE MELANOPHORE REACTION 
IN RANA ESCULENT A {KONSULOFF-RENGTIOTI) 
AS A PREGNANCY TEST 

BY 

J. C. A. MIGHORST, L. A. M. STOLTE, P. H. M. dc ROO 
and F. CREUTZBRRG 


I. INTRODUCTION 

In 1919 it was shown by P. E. Smith that in Ampltiliians, 
melanophore dispersal is caused by a hormone secreted in the 
intermediate lobe of the pituitary. In view of this oliservalion, 
hypophysectomized frogs or isolated pieces of frog's skin were 
used to test the presence of melanophore hormone (M. H.) in 
all kinds of organ extracts and body fluids, and it was found 
that this hormone is secreted not only by the pituitary of the 
Vertebrates, possessing skin chromatophorcs, but also l)y the 
pituitary of mammals, in which this kind of pigment cell is 
lacking. However, the biological significance of this hormone 
in mammals is still obscure, .lores & Caesar (1935) associate 
it with the eyes’ dark-adaptation, whereas Zondek (1935) at- 
tributes an antidiuretic action to it. 

The occurrence of M. H. in men led to several investigations 
dealing with the problem, and particularly as to whether the 
M. H.-concentration is modified under different circumstances. 


Acta endocrinol. Vol. 2, II. 
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Kustner & Biehle (1927, 1928) were of the opinion that in the 
serum of pregnant, parturient and puerperal women changes 
in the concentration of M. H. take place, but this was, ho^Y- 
ever, denied by Jores & Helbron (1933) and Zondek (1935). 

On the other hand, Collin & Drouet (1933) claim that the 
urine of patients with pituitary tumors, hyperthyroidism, re- 
tinal haemorrhage, chloride-retention and also the urine of 
menstruating women possesses a melanophore dispersing ac- 
tion. 

As these and similar observations were made on non-hypo- 
physectomized frogs, they may be explained by a stimulating 
action of the urine on the pituitary, which affects the secretion 
of M. H. and thus produces an indirect melanophore reaction. 
Hence exact investigations about the action of M. H. should be 
carried out in hypophysectomized frogs. 

In 1934 Konsuloff published his first results, obtained with 
hypophysectomized frogs, in which human urine was injected 
into the dorsal lymph sac. His conclusion was that melano- 
phore dispersal takes place only with pregnancy urine. Ac- 
cording to him the reaction is a rapid and reliable pregnancy 
test. Jores (1936), however, claimed that the reaction is not 
specific and that many substances, present in urine, stimulate 
the melanophores directly, resulting in their dispersal. 

Shen (1939) found that ether and chloroform among others 
have a direct action on the melanophores, whereas other sub- 
stances like barbiturates are only capable of stimulating the 
frog pituitary. 

In 1946 de Bourgraaf & Dingemanse found that the Kon- 
suloff -reociion is reliable, provided it is performed under con- 
ditions similar to those we have also used (cf. p. 100). Inde- 
pendently and almost simultaneously Servantie, Cambdr, Mo- 
retti & Bonnal (1947) also re-introduced the Konsuloff-veac- 
tion as a ijregnancy test. Whereas the colouring of the whole 
frog is taken as an index by de Bourgraaf & Dingemanse, the 
French workers pay attention to the effect on the melano- 
phores themselves, for which a melanophore index is given. 

In view of these statements we have investigated the prac- 
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tical usefullness of the Konsulof f-resiction. In addition we have 
tried to determine whether the melanophore dispersing sub- 
stances, present in human pregnancy urine, are identical with 
M. H., with chorionic gonadotrophin or possibly with other 
substances, which have a direct stimulating effect on the me- 
lanophores (cf. Shen, 1939). In connection with this, we have 
thrown some light on the mechanism of the Konsuloff-reaciion 
as a pregnancy test, as compared with the Aschheini-Zondelc- 

reaction. 


II. MATERIAL AND METHODS 

For the /<ConsuIoff-reaction only specimens of Rana cscu- 
lenta were used with a bright grassgreen coloured hack and 
with yellowgreen patches on the inside of the thigh. After 
hypophysectomy these frogs assume a soft yellowgreen colour, 
whereas the thigh patches turn into a vivid yellow. 

Hypophysectomy was performed, with small modifications, 
by the method described by Servantie ei al. (1947). The car- 
tilage situated under the base of the parasphenoidal bone is 
not removed, but incised scmi-circularly and turned back- 
wards. The entire pituitary is removed with the help of a 
small pipette and a narrow rubber lube, by means of the well- 
adjustable sucking force of the operator’s mouth. Attention 
should be paid to the fact that the anterior lobe is easily torn 
from the rest of the pituitary. All bleeding must be avoided. 
After the operation the above-mentioned cartilage is turned 
back to its original position so that the ccrebi'al cavity is 
closed. 

We have kept our hypophysectomized frogs alive in the 
laboratory for several months. If the operation is performed 
duiing the oestrous period the mortality is very high; during 
the summer and autumn only very few animals died following 
the operation. The experimental animals were kept in aquaria, 
in which the temperature never exceeded 15° C and of which 
the bottom was partly dry and partly covered with water. The 
frogs were fed on mealworms, which were eaten avidly. 


7 * 
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The conditions under which the meianophore reactions were 

performed, were more carefully worked out than those of de 
Bourgraaf & Dingemanse (1946). They are as follows; 

1. The experimental frogs must be completely yellowgreen- 
only then can one be certain that they are totally hypo- 
physectomized ; moreover, the spherical state of the mela- 
nophores can be controlled by microscopic examination of 
the animal’s webs. 

2. The experimental frogs must he treated with pregnancy 
urine from time to time, as sometimes the melanophores 
of frogs, which have been used repeatedly over a long pe- 
riod, do not react. 

3. The investigator must have some experience in evaluating 
the results of the test. In some cases normal urines show 
a very slight reaction, while the reaction to a pregnancy 
urine may be w'eak ; only experienced workers are able to 
assess the results accurately in these cases. 

4. For each test 3 frogs, having about the same colour pat- 
tern, must he used; two are injected wdth the urine to be 
investigated, and one, the darkest of the three, acts as a 
control. 

5. Different volumes of urine must be injected, varying ac- 
cording to the size of the frog: they w’ere for 


frogs under 10 grams 1 ml. 

» between 10 — 20 grams 1.5 » 

» » 20 — 30 » 2 » 

» » 30 — 40 » 2.5 » 


The injection is given subcutaneously into the dorsal 
lymph sac about 1 cm. from the cloacal opening. During 
the reaction the frogs are kept in a dry place. 

6. The optimal temperature in which the animals react is 
22 — 24° C. To adapt their basal metabolism the frogs must 
be exposed to that temperature for several hours before 
the test is performed. 
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7. Usually the reaction is obvious 1 hour after the injection, 
but a definite conclusion must not be drawn until IVa h. 
have passed. 

8. The colour-judgment must take place in diffuse daylight, 
not in artificial light. Before the test is carried out the 
colour of the frogs must be accurately compared; the up- 
per parts of the hindlegs and the back must be paiticulai- 
ly considered. 

9. The reaction is positive, if the colour darkens first over 
the thigh and then eventually over the back. By that time 
the yellow patches on the inside of the thigh have dis- 
appeared. The appearance of a contrasting colour of the 
thigh with the back is a good criterion for a positive reac- 
tion; but the reaction is also positive if the colour darkens 
over the whole body. The reaction is doubtful if the dark- 
ening of the frog’s body is only slight and does not show 
the stages described above. 


III. THE CLINICAL VALUE OF THE MELANOPHORE 

REACTION 

A correct judgment of the melanophore reaction as a preg- 
nancy test is only possible if the positive or negative result 
can be compared with the clinical condition of the patient. 
Therefore we have only taken into consideration those results 
in which the patient could be fully controlled. 

We have considered: 

1. a positive reaction as correct, and a negative reaction as 

incorrect if: 

a. positive pregnancy signs were present, 

b. evidence of pregnancy (placental tissue, chorionic 
villi) was obtained after curettage, 

c. an ectopic pregnancy was found at laparotomy (cho- 
rionic villi), 
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2. a negative reaction as correct, and a positive reaction as 

incorrect if: 

a. the menstrual cycle proceeded normally, 

b. no chorionic villi were found after curettage, 

c. no chorionic villi were found after laparotomy (serial 
sections ) , 

d. if pregnancy was out of the question (e. g. after hy- 
sterectomy) . 

The result is uncertain if after a short period of amenor- 
rhea a slightly increased bleeding appears. In this case an 
unperceived abortion may have occurred. 

According to this scheme, 83 urines were tested in a pre- 
liminary investigation. As a rule the clinical diagnosis \sas 
known to us before the test was performed. 72 urines, 65 of 
which belonged to normal pregnancy-cases, gave a positive 
reaction. One positive urine came from a man with a baso- 
philic hypophyseal adenoma; after having been operated upon, 
his reaction became negative. Six urines were from patients 
with abortion or ectopic pregnancy. 

Among the 11 negative reactions one proved to be incor- 
rect; in this case the urine was from a patient who had tried 
to practice abortus provocatus, 15 days before the melanophore 
reaction was performed. Ten days later the test was repeated 
with a positive result; later on pregnancy was obvious. 

We have also made a few observations to determine the 
day of the gestation period on which the melanophore reac- 
tion becomes positive, and how many days after parturition 
the reaction becomes negative: 

The urine of a woman with a normal menstrual cycle of 
approximately 29 days was tested regularly. Before cessation 
of menses two reactions were carried out, both with negative 
result, this being also the case on the 29th day. From that 
day onwards daily examinations were made. The first positive 
result was found on the 33rd day after the last menses. 

In 4 cases urines were investigated beginning on the daj 
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of parturition. The following day the result was still positive, 
in one case the urine was negative 3 days after parturi io , 
but two days later all the urines showed a negative result. 


The favourable results of these preliminary investigations 
led us to further clinical applications and to an attempt to 
establish the nature of the principle responsible for the Kon- 

suloff -reaction. , k rj ^ ^ 

The Aschheim-Zondek pregnancy test (A.-Z.) and the 

Konsuloff-veaction (K.), carried out with a sample of the 
same urines, were done by one of the present authors in 525 
cases. In these cases clinical diagnosis was not known before 
the tests were performed. The results are shown in table 1. 
(A doubtful K.-reaction is that found in frogs which on the 
whole darken a little, hut in which the darkening of the thigh 
colour is not distinct. A.-Z.i means that a reaction of the 
mouse-uterus took place, whereas blood-spots or corpora lutea 
were absent in the ovaries; A.-Z.^^ and A.-Z.^^^ mean that a 
reaction with blood-spots or corpora lutea w^as present.) 


Table 1. 

Results of the Konswloff-reactions compared with those of the 
Aschlieim-Zondeli-reactions. 


1 

1 

K -f 1 

K — 1 

K ? ! 

total 

A.-Z.I + 

23 

29 

12 

64 

A.-Z.d. 

200 

14 

11 

225 

A.-Z. — 

13 

195 

28 

236 

total 

236 

238 

51 

525 


From table 1 it follows that in 424 cases a definite agree- 
ment between both reactions was found (200 A.-Z. -t-, K. +; 
195 A.-Z. — , K. — ; 29 A.-Z.^^ +; K. — ); completely contradic- 
tory results occurred in 27 cases or 5.3 per cent (13 A.-Z. — , 
K. +; 14 A.-Z. +, K. — ). In 23 cases an A.-Z.^-reaction (wdiich 
is not considered definite proof of pregnancy) was found 
together with a positive K. In these cases discrepancy is pos- 
sible, though not certain. However, we are not justified in 
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drawing the conclusion from these figures that the Konsuloff- 
reaction gave incorrect results in 5 per cent of the cases. This 
would only be the case if the urines with w^hich the A.-Z - 
reaction was found positive and the K.-reaction negative, were 
solely obtained from cases with a normal, undisturbed preg- 
nancy and not e. g. from cases of missed abortion or ectopic 
pregnancy. Conversely (A.-Z. — , K. +) the possibility that in 
early pregnancies the A.-Z .-reaction is not yet positive should 
be excluded. 

As in many cases clinical control was not available, Ave 
cannot determine from these figures how many times the 
Konsuloff-reaction gave an incorrect result. The percentage is 
certainly far below 5 per cent. 

From table 1 it folloAvs further that the K.-reaction was 
doubtful in 11 cases, in Avhich the A.-Z.-reaction was positive, 
and in 28 cases in wdiich the A.-Z.-reaction was negative. 

The meaning and value of a dubious K.-reaction is not o 
priori clear. The quantity of the melanophore dispersing prin- 
ciple, present in urine, may not be sufficient to gh'e a fulls’' 
positive pregnancy reaction. On the other hand toxic urine 
substances may have a Aveak positwe action on the melano- 
phores. This is the case also, Avhen the frogs die. In this con- 
nection Servantie et aL (1947) refer to the »dilatation prea- 
gonique de melanophores«. Hence positiA^e reactions of frogs, 
AA’hich die some time after the experiment, are not reliable: 
they haA^e been omitted from table 1. 

The clinical finding has to be taken into consideration, but 
an A.-Z.^f-reaction is usuallj' an indication that the test should 
be repeated. Among the 525 cases (table 1) this occurred 64 
times. In our AueAV a doubtful K.-reaction has the same clinical, 
though not the same biological A’alue as an A.-Z.^-reaction. 
Such a doubtful result AA’as obtained in 55 cases. 

As some discrepancy existed betAveen the results of the 
A.-Z.- and K.-reactions, 91 clinical cases, taken from the 525 
cases of table 1, Avere investigated. In these 91 cases 107 K.- 
and A.-Z.-reactions AA’ere done, AAuth a sample of the same 
urines (table 2). Special attention Avas paid to the question 
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of whether the pregnancy was intact or disturbed. A positive- 
A.-Z. is merely a proof of the presence of active, gonadotrophin 
producing chorionic tissue. It does not answer the question 
whether the foetus is dead or alive. Moreover, other investiga- 
tions gave us the impression that the K.-reaction is not de- 
pendent on chorionic function and therefore the discrepancy 
between both these reactions might be correlated with some 
/other phenomena relating to pregnancy or its sequelae. 


Table 2. 

Results of the special clinical cases, mentioned p. 105 — 107. 



K -t- 

K - 

K ? 1 

1 

Total 

A.-Z.l + 

6 

2 

4 

12 

A.-Z.ii.ni 

30 

2 

6 

38 

A.-Z. — 

5 

41 

11 

57 

Total 

41 

45 

21 

107 


From table 2 it follows that the K.-reaction gave more 
positive and less negative results than the A.-Z.-reaction. As 
a matter of fact the number of doubtful reactions is relatively 
larger in these 107 cases, which, however, form part of the 
525 cases, summarized in table 1. This is obviously due to the 
fact that among these cases many disturbed and early preg- 
nancies are present. Of course neither doubtful K.-reaclions 
nor A.-Z.J-reactions are here considered as proof of pregnancy. 

In 71 cases (30 A.-Z. +, K. +; 41 A.-Z.~, K.— ) the result 
was confirmed by clinical diagnosis. In 3 cases of the group 

> chorionic villi, found after curettage, showed 
post-pregnancy indications. 

In 5 cases A.-Z. — , K. + two pregnancies were found, i. c. 

1. a pregnancy of 6 weeks, in wdiich the A.-Z. became posi- 
tive later on. 


a 


2. a tubal pregnancy (chorionic 
mained negative repeatedly. 

In 2 more cases (A.-Z. , K. 

pregnancy incorrectly, i. e. 


villi), in wdiich the A.-Z. rc- 
+ ) the K.-reaction indicated 
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1. in a patient with a corpus luteum cyst (pseudo-pregnan- 
cy) . As curettage was not performed, proof that chorionic 
villi were absent was not obtained. Clinical observation 
gave no indication whatever of the existence of an intra- 
uterine pregnancy. 

2. in a patient with folliculus persistens, who was once in- 
jected intramuscularly with 10 mg. progesterone. 

The 5th case was one of missed abortion, a disturbed preg- 
nancy in which the A.-Z. — , as well as the K. + could be called 
correct. 

In the 6 cases A.-Z.^ -f, K. -b, the A.-Z.-reaction had an 
incorrect result 3 times: 

1. on the 66th day after the last menses (on the 80th A.-Z. 
was also +), 

2. on the 48th day after the last menses (on the 66th A.-Z. 
was also +), 

3. on the 42nd day after the last menses (on the 61st A.-Z. 
was also +). 

In one case of habitual abortion there was primary fetal 
death. In two cases proof of pregnancy could not be given, i. e. 

1. in a patient of suspected ectopic pregnancy, who did not 
react to a resorption therapy. On operation a haeniato- 
salpinx was found, in which, however, no chorionic villi 
were seen (no serial sections), 

2. in a patient, who was curetted for fluxus 2 weeks after the 
reaction had been performed, an endometritis was found; 
chorionic villi and secretion phenomena, however, were 
absent (clinical diagnosis: »unperceived abortion«). 

In the 2 cases A.-Z. +, K. — , the result of the K.-reaction 
was incorrect i. e. 

1. on the 37th day after the last menses [later on K. was + 
(intact pregnancy)], 

2. in a case of diluted urine from hydatidiform mole. 
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Among the 6 cases A.-Z. +, K ? one, a case of a mother 
nursing her child, there was an intact pregnancy of about 
8 weeks. In the other cases the pregnancy was either disturbed 
(habitual abortion following) or certainly disturbed (tubal 
abortion, threatening abortion, infected ectopic pregnancy, di- 
luted urine from hydatidiform mole). 

Of the 4 cases A,-ZJ +, K. ? one related to an intact preg- 
nancy (low concentration of urine?); in one case pregnancy 
was absent, in two other cases pregnancy, if present, was cer- 
tainly seriously disturbed. 

In 7 of the 11 cases A.-Z.~, K. ? pregnancy was absent, 
and in 4 other cases pregnancy was, if present, completely 
disturbed. Therefore a doubtful meianophore reaction should 
not always be taken as a negative reaction (2 intact and 7 
presumably or certainly non-intact pregnancies). Consequently 
atypical Konsuloff-reactions must be interpreted as non-posi- 
tive for pregnancy and must be repeated. 

Summarizing we have seen that among 107 experiments 
the A.-Z.-reaction never had an incorrect positive result, 
whereas the positive K.-reaction indicated a pregnancy incor- 
rectly at least once; on the other hand, the A.-Z.-reaction 
failed to demonstrate an intact pregnancy in 5 cases and the 
/{onsuloff-reaclion in 3 cases. The A.-Z.-reaction »warned« 4 
times, whereas a doubtful K.-reaclion »warned« twice. That 
the percentage of failures of the A.-Z.-reaction is rather high, 
is certainly due to the special nature of the material; many 
cases of disturbed and early pregnancies. 


IV. THE NATURE OF THE PRINCIPLE RESPONSIBLE 
FOR THE /vONSULOFF-REAGTION 

Collin & Droaet (1933) and Lambillon & Lejcunc (1938) 
using non-hypophysectomized, lightcolourcd frogs, were able 
to evoke meianophore dispersal with the urine of patients suf- 
fering from very different diseases. How'ever, we found nega- 
tive K.-reactions as well as A.-Z.-reactions in cases of dermoid 
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cysts, endometriosis ovarii, follicle-cysts, myomatosis of the 
uterus, appendectomy, double-sided hydrosalpinx, ovarian 
cysts with haematoma, salpingitis, chondrometriosis, lacta- 
tion-, hormonal and physic amenorrhoea, hypomenorrhoea 
climacteric and preclimacteric bleeding. 

Umezawa (1935), working with normal non-hypophys- 
ectomized frogs, observed a melanophore dispersal after the 
injection of urine of cancer patients, and proposed to use this 
reaction for the diagnosis of cancer. It is therefore worth men- 
tioning that we got fully negative results in two cases of 
stomach carcinoma, in two cases of seminoma testis, and in 
cases of prostate carcinoma, mammary carcinoma, carcinoma 
of the ovary and carcinoma of the cervix uteri. 

From the literature dealing \vith melanophore dispersal, it 
may be concluded that in normal urines substances are found 
with a melanojjhore dispersing function. But this does not oc- 
cur often enough to make the K.-reaction unreliable. Shen 
(1939) pointed out that barbiturates produced melanophore 
dispersal in normal frogs; our patients who had been given 
barbiturates, howe\'cr, showed a negative K.-reaction. In pa- 
tients with a-hormonal disturbances the K.-reaction was ge- 
nerallj' negative: on the other hand, it proved to be positive in 
cases of hydatidiform mole and chorion-epithelioma (also of 
the testis), of basophilic adenoma of the pituitary in a man 
(after removal of the tumor the reaction became negative!) 
and of Graves’ disease in a w'oman with a negative A.-Z.-reac- 
tion (basal metabolism; 4- 47). But in a case of hypophyseal 
myxoedema, of Cushing's disease in a man and in a woman, 
of Graves’ disease in a man, and of mammary carcinoma in a 
woman, treated with high doses of methyltestosterone, the K.- 
reaction was negative. 

In addition to pregnancy urine and urine of patients suf- 
fering from hydatidiform mole and chorion-epithelioma, me- 
lanophore dispersal could be produced in some cases of hor- 
monal disturbance without pregnancy. 

Unlike the urine of a pregnant Java-monkey, the urines and 
sera of pregnant cows, horses, frogs, guinea-pigs and dogs did 
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not evoke melanophore dispersal. Neither did watery extracts 
of endocrine organs of these mammals, with the exception of 

the pituitary. . 

Moreover, we stated that with very few exceptions the 

quantity of the dispersing principle is increased only in the 
serum and urine of pregnant women. Urine of a woman in 
parturition reacted positively; her serum, however, had only 
a weak positive reaction, whereas her cerehro-spinal fluid gave 
a negative reaction, as did the cerehro-spinal fluid of a patient 
with tubal abortion and of a patient with a corpus luteum cyst. 
Amniotic fluid (without urine), the first urine of the new- 
born child and serum of the umbilical cord as well as fluid 
from follicles, corpora lutea, a corpus luteum cyst and pla- 
cental-tissue, oestrone, oestradiol, progesterone and F, S. H. 
gave a negative reaction. In the pituitary of a still-born child 
a large quantity of melanophore dispersing hormone was 
found. Ambinon (a thyro-gonadotrophiu) and pilon (oxy- 
tocin) gave a positive reaction as did jircgnyl (a gonadotro- 
phin prepared from pregnancy urine). The latter statement 
may be explained by the fact that the purification of ])regnyl 
does not involve the separation of the melanophore dis])ersing 
principle from it. 

From all these facts it may be concluded that the hormone, 
present in scrum and urine, is of hypophyseal origin. Also in 
favour of this view is the finding that Konsuloff -reactions 
were obtained in cases in which chorionic gonadotrophin could 
not be present, i. e. with the urine of a male patient with a 
hypophj'seal basophilic adenoma, of a female non-pregnant 
patient with an increased basal metabolism, of a patient with 
a corpus luteum cyst (A.-Z.~) and of a patient with persi- 
stent follicles (to whom 10 mg. progesterone had been admi- 
nistered intramuscularly). The supposition that only during 
pregnancy does the pituitary form hormones with melano- 
phore dispersing function, and that then the melanophore 
hormone is formed in larger quantities and excreted in the 
urine, seems reasonable. Moreover, a melanophore dispersing 
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principle is also found in the urine of patients with an in- 
creased progesterone level (cf. p. 106). 

That the results of the K.- and A.-Z.-reactions do not al- 
ways agree, does not mean that they are caused by different 
principles. If both reactions were based on the action of cho- 
rionic gonadotrophin, it is obvious that the sensitivity to this 
hormone is different in both experimental animals, i. e. the 
mouse and the frog. But as the K.-reaction is positive in some 
cases, while the A.-Z.-reaction is positive in others, the only 
possible conclusion seems to be that these reactions cannot 
be due to one principle only, but must be due to two different 
principles and that therefore the K.-reaction cannot be depen- 
dent on the action of chorionic gonadotrophin. However, it is 
still possible that in cases, in which both reactions have a diffe- 
rent result, the minimal effective concentration of only one 
principle is present, which acts w’ithin the variability of sen- 
sitivity of the experimental animals. In this case one principle 
could produce an A,-Z. +, K. — reaction in one, and an 
A.-Z. — , K. -f reaction in another experiment. As we have 
seen, urines of early and of disturbed pregnancies (abortion), 
in which the gonadotrophin level can be still low, give posi- 
tive results sometimes in the mouse and in other instances in 
the frog. But the fact that using diluted urines from cases of 

Table 3. 

Dilution-rates above the threshold value, in which the A.-Z.-reaction 
would become negative, and under the threshold value, in which the 

K.-reaction is positive. 


Patient j 

' 

|A.-Z.-reaclion’ 

1 

1 K.-reacUon 

A 

hydatidiform mole-pregnancy 

1:400 

-t- 

1:80 - 

B 

hydatidiform mole-remnants present 

1:25 

-h 

1:25 — 

C 

hydatidiform mole-pregnancy 

1:100 

-f 

1:100 - 

D 

chorionepithelioma 

1:100 

-h 

1:100 - 


do., repeated after one week 

1:100 

+ 

1:100 ■— 

E 

hydatidifoi'm mole-pregnancy 

1:200 


1:200 -t 
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hydatidiform mole, the A. -Z. -reaction ahvays remains defini- 
tely positive, whereas the K.-reaction is already negative 
(table 3), and that in low concentrations of chorionic gonado- 
trophin during early and disturbed pregnancies, gestation is 
demonstrated sometimes by the K.- and in other instances by 
the A. -Z. -reaction, we may conclude once again that chorionic 
gonadotrophin does not bring about the K.-reaction and that 
the differences between both reactions are not dependent on 
the minimal effective concentration of one iirinciple, acting 
within the variability of sensitivit 3 '^ of the experimental ani- 
mals. 

We will now lay stress on the observation, already men- 
tioned on p. 106 according to which a positive K.-rcaclion 
could be obtained with the urine of a non-pregnant aincnor- 
rhoeic patient, who was injected with 10 mg. progesterone and 
with the urine of a patient with a corpus luteum cj'st. As this 
result may point to an increased melanophore dispersing hor- 
mone-secretion in the pituitary', possiblj' produced bj' a high 
progesterone concentration, we have treated 10 other ame- 
norrhoeic patients with progesterone. Eleven patients received 
30 mg. of progesterone on the first daj' and 20 mg. on the se- 
cond day. The K.-reaction was done regularly; days on which 
this reaction was performed are indicated with a positive or 
negative sign in table 4. 

Most of the reactions were negative or doubtfully positive. 
Because the dosage might have been too small, patient 1, as 
well as a non-amenorrhoeic patient (nr. 12) got 30 mg. pro- 
gesterone on 3 successive daj^s, but the effect did not increase. 

Summarizing we are of opinion that the K.-reaction is not 
caused by chorionic gonadotrophin (as is the case in the A.-Z.- 
reaction) but by the hypophyseal melanophore dispersing hor- 
mone and that perhaps the increasing progesterone concen- 
tration found during pregnancy stimulates secretion of the 
melanophore hormone in the woman’s pituitary. 

Our experiments on the influence of progesterone in ame- 
norrhoeic patients are not fully conclusive, but together with 
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Table 4. 

Results of the Konsuloff-Ynaction after injection of progesterone 
in amenorrhoeic patients. 


Patient 1 

1 

Ist 

2nd 

1 

||[^|| 

Homi 

5th 

mm 

^^9 

1 

30 

20 







— 

— 

— 


C+) 

+ 


2 

30 

20 






3 

30 

20 

— 

— 

— 





4 

30 

20 
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our clinical data, they are in favour of the view that proge- 
sterone stimulates the formation of melanophore hormone m 
the human pituitary. 

The last question to be dealt with concerns the problem 
as to why the melanophore dispersing hormone is piesent only 
in urine of primates. 

It is well-known that in men the intermediate lobe of the 
pituitary is only represented by an indistinct zona intermedia 
(Romeis, p. 290). 

According to Benda (1932) and Plaui (1936) the function 
of the intermediate lobe in primates is taken over by the an- 
terior lobe. Roth (1932) and Jores & Glogner (1933) claim 
that the melanophore hormone is formed bj^ the basophilic 
cells of this lobe; according to Jores & Glogner (1933) the con- 
centration of melanophore hormone was increased in a pitui- 
tary extract of a patient, suffering from a hjTophyseal baso- 
philic adenoma. On the other hand, it is accepted that the 
gonadotrophic hormone of the anterior lobe is also formed in 
basophilic cells. Moreover, we know that in mammals with a 
distinct intermediate lobe the melanophore hormone is not 
excreted in the urine during pregnancy. In primates, however, 
where the function of the intermediate lobe is taken over by 
the anterior lobe, this excretion takes place. Therefore it is not 
improbable that this phenomenon, only found in primates, is 
correlated with the fact that during pregnancy the anterior 
lobe has an increased hormone production, and that therefore 
the melanophore dispersing hormone, possibly stimulated by 
progesterone, is excreted only in the pregnancy urine of pri- 
mates. 


SUMMARY 

1. The Konsulof f-re&ction (K.) is, with certain precautions, 
a reliable pregnancy test. 

2. Discrepancies between the K.-reaction and the Aschbeim- 
Zonde/c-reaction (A.-Z.) carried out with the same urines, 

Acta endocrinol. Vol. 2. II. „ 
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were analyzed and correlated with the clinical data. The 
reliability of both reactions is about the same. 

3. The K.-reaclion is ])robal)ly not caused by chorionic gona- 
dotrophin (as is the A.-Z.-reaclion), but by hypophyseal 
inclnnopliorc hormone, wliich during pregnancy is ex- 
creted in an increased concentration. This occurs only in 
in-imatcs. 

4. Since progesterone administration is followed by an in- 
creased melanojdiore hormone excretion, it is suggested 
tliat progesterone stimulates the formation of the melano- 
])hore hormone in the pituitary. 

a. As in primates, unlike other mammals, which possess a 
distinct intermediate lobe, the melanophore hormone for- 
mation occurs in tlic l)aso])hiles of the anterior lohe of the 
l)ituitary. the increased melanophore hormone excretion 
in urine is thought to he the result of the increased hor- 
mone formation in the anterior lobe of the pituitary du- 
ring pregnancy. 
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Addendum 

The assumption that 1. the A.-Z.- and K.-rcactions arc not 
based on the same ])rinciplc and 2. the cori)Us luteuin is 
functionally related with the mechanism of the Konsuloff- 
rcaclion could be su]piorlcd in the tollowing way. 

A 40 years old woman, suffering from menorrhagy, was 
injected on the ath, 6th and 7th day after the beginning of 



115 


the bleeding with a dose of 20.000 R.U. (in total 60.000 R.U.) 
of pare gonadotrophin^). On the 6th and 7th day the 
A.-Z.”-”^-reaction was positive, whereas the frogs became only 
slightly darker over the whole body (weak K.-rcaction). 

The same chorionic gonadotro))hin, injected in a hyjm- 
physectomized frog.'was totally negative, whereas a less ]nirc 
preparation gave a positive reaction. 

After laparotomy, executed 6 days after the onset of the 
bleeding, a corpus luleinn cyst was found. 
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IN FEMALE GUINEA PIGS*) 

BY 

BENGT H. PERSSON 


INTRODUCTION 

The marked physiological variability of the lymphatic tis- 
sue of the spleen has been described by a number of investiga- 
tors. This variability appears, moreover, to be a characteristic 
common to all lymphatic tissue, and is considered to depend 
both on its lymphocytopoietic activity and on its reaction to 
various irritants within the organism. 

The relation between age and the amount of white splenic 
pulp has been confirmed by several workers, and the signi- 
ficance of the period of sexual maturity, as the time when the 
amount of white pulp reaches a maximum has been de- 
monstrated, but the state of the gonadal activity has not yet 
been considered in connection with this problem. Clinical and 
experimental investigations have, however, suggested that 

*) Aided by a grant from Svenska Sallskapet for Medicinsk 
Forskning (Swedish Society for Medical Research). 
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there is a relation between the gonads and the spleen as a 
whole, but the role of the white pulp in this has not been 

Without entering into the question of the function of the 
white splenic pulp, I nevertheless consider that it w'ould be of 
some interest to study quantitatively its variations under the 
influence of sex hormones. This might show whether the 
variations are affected by the gonads. 


SURVEY OF THE LITERATURE 

Heilman (1913 — 14) showed on the rabbit that the lym- 
phatic tissue of the spleen increases in amount until shortly 
after sexual maturity, and then undergoes a more or less 
pronounced involution. He also noticed that the lymphatic 
nodules (the Malphigian corpuscles) appear to occupy a 
unique position since their development reaches its maximum 
earlier than the rest of the white pulp. 

The specific effect of the oestrogens on the lymphatic tis- 
sue of the spleen has not been investigated. In the studies on 
the adaptation syndrome Selgc (1939, 1946) and other in- 
vestigators have however called attention to the effect of 
oestrogen overdosage with atrophy of wdiite splenic pulp. 
Korenchevsky ei al. (1935, 1939) and other workers have in- 
vestigated the effect of oestrogenic hormones on the weight 
of the spleen, but no uniform results were obtained. 

The effect of ovariectomy is studied hy Masui et al. (1926), 
Cirillo et al (1933) and Freudenberger et al. (1935). These 
workers found an increase in the weight of the spleen after 
ovariectomy, but made no mention of the amount of the white 
pulp present in it. 

The statements in the literature are somewhat conflicting 
about the effects of pregnancy. Varaldo (1905) and Amifrcjew 
(1910) found an enlarged spleen wdth some hyperplastic Mal- 
pighian corpuscles in pregnant guinea-pigs. Barcrofi & Stevens 
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(1928 a, b) and Sleetli et al. (1939), on the contrary, found 
that during pregnancy the exteriorized spleen became smaller 
during the last days of the gestation period. 

It is of interest to note that a relation between the gonads 
and spleen has also been demonstrated clinically. Naegeli 
(1928) and Gavazzeni (1934) i-eported cases of splenomegaly 
associated with hypogenitalism, which returned to normal 
after splenectomy. Radosavljevic et al. (1929) suggested the 
spleen has an inhibitory effect on ovarian function. Sauet- 
briich et al. (1937) were of the opinion that the anterior pi- 
tuitary lobe is of decisive importance in this effectj and that 
the secretion of gonadotropic hormones is inhibited by the 
spleen. Similar i-esults were obtained by Sakhgroff (1930) who 
found a premature development of the gonads in infantile ex- 
perimental animals after splenectomy. 

To sum up, the literature contains ferv data on the extent 
to which the different parts of the spleen contributes to varia- 
tions in the size of the organ. The present study xvas under- 
taken to throw some light on this problem. For practical 
reasons it was limited to a determination of the quantitative 
relations between lymphatic and non-lymphatic splenic tissue 
in ovariectomized animals, pregnant animals, and female 
animals treated with oestrogens. In order to . estimate the 
» reactive state « of the white pulp, the relative amount of pale 
centres in the lymphatic nodules, (hei'e called reaction centres) 
was dctei’inined. 


Terminology. 

The following terms are used in the present paper to 
describe the various components of the lymphatic tissue of 
the spleen: 

Reaction centres denote the central, pale parts in the fully 
differentiated lymphatic nodules (Fig. 1). 

Other lymphatic tissue denotes the periarterial lymphatic 
tissue sheaths, the lymphatic nodules without reaction centres, 
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and the lymphatic tissue immediately surrounding the reac- 
tion centres. 

Non-lymphatic tissue denotes the red pulp, the capsule, the 
trabeculae, and the vessel \YaIls. 


MATERIAL AND METHODS 

Eighty adult, unmated, female guinca-]ugs varying in age 
between 210 and 265 days were used. All the animals belonged 
to the same strain. Thej'' were kept in cages of the same size 
with one animal in each cage. Their food consisted of dry hay, 
swedes and wdieat bran mixed with \vater. Water was given 
ad libitum. All animals were examined and weighed at regular 
intei-vals. Special attention was paid to the possible occur- 
rence of scratches and signs of infection. All animals that 
showed signs of cutaneous infection, poor physical condition 
or changes in weight without demonstrable cause were ex- 
cluded from the experiment. The skin and the viscera were 
carefully examined at post-mortem. If any abnormal condi- 
tions were then revealed, the animal was excluded from the 
experiment. 

The animals were divided into four groujis of 20 animals 
each. Care was then taken to ensure that the weight distribu- 
tion in the different groujis was as even as ])ossiblc. 

Group 1: Animals gonadectomized 4 weeks before the start 
of the experiment. 7 animals were excluded. 

Group II: Animals given subcutaneous injcclions of 10.000 
I. U. of oestradiol monobenzoate every throe days. Altogotlicr 
10 injections were given to each animal. 7 animals were ex- 
cluded. 

Group III: Animals mated with male guinca-]>igs 10 days 
before the beginning of the experiment. 9 animals were ex- 
cluded. 

Group IV: Control animals, of which G were excluded. 


) liie hormone preparation (Follidrin-I)cnzoat-fortG) wore kindly 
placed at my disposal hy Mo.ssrs. Astra. Sddo'faljc, Sweden. 
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Most of the animals excluded were discarded on account 
of infected cutaneous excoriations. 

The exiDeriments were started simultaneously on all the 
groups and went on for 32 days. The animals were weighed 
at the beginning of the experiment, and on every day there- 
after, as well as at autopsy. The pregnant animals were also 
weighed at autopsy, after removal of the foetus and placenta 
(reduced weight). 

All animals were killed by bleeding under ether anaesthe- 
sia. The spleen was removed immediately and weighed while 
still fresh. A transverse section, consisting of the middle third 
of the spleen, was excised, weighed and fixed at once in a 
mixture of equal parts of a saturated water solution of mer- 
curic chloride and a 20 per cent solution of formalin. The 
material was embedded in paraffin, cut in 10 |.i serial sections, 
and stained with haematoxylin and eosin. Special care was 
taken to ensure that all the material received the same hi- 
stological treatment. 

Using Hammar’s (1931) method every fifth section was 
drawn on special paper of controlled uniform thickness with 
a projection apparatus with a magnification of 17 times. The 
contours of the transverse section, the border of the white pulp 
against the non-lymphatic tissue, and the contours of the 
reaction centres present were drawn. No differentiation was 
made between the dark border zone of the reaction centres, 
and the periarterial lymphatic tissue sheaths. The trabeculae, 
the capsule and the vessels were not shown (Fig. 1). The 
drawings were cut out, and the paper reproductions of the 
reaction centres, the remaining lymphatic tissue, and the non- 
lymphatic tissue were weighed separately to nearest 0.5 mg. 
With the help of the weights thus obtained, the amount of 
white pulp in the entire splenic tissue, and the amount of 
reaction centres, in the white pulp, were calculated and ex- 
pressed as percentages of the total weight. An approximate 
calculation of these proportions in relation to the bodyweights 
was also made. 
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RESULTS 

The various weights are given in the following tables. 

Table 1 gives the mean figures for the body weights (BW) 
at autopsy, the increase in weight during the experiment, the 
weight of the fresh spleen (SW) and the ratio SW/BW cal- 
culated in gm. of spleen per kg. of body weight (»relative 
spleen weight«). The body weight of the pregnant animals is 
given after removal of the contents of the uterus. 


Table I. 

Relation between boclj’’ weight and weight of spleen. 





Mean figure for 


Group 

No, of 
animals 

Body 

wcifjlil 

1 (BW) 

ftm. ! 

1 1 

Incrcfise j 

1 in wciRhl j 

«'»• i 

S])loon, 

fresh 

wcicht 

(SW) 

Rm. 

n.Tiio 

sw/n\v 

Rm /1,-R. 

Control animals 

1-4 

513.2 

62.2 

0.733 

1.42 

Oestradiol-treated 

animals 

13 

504.6 

58.3 

0.970 

1.92 

Pregnant animals 

11 

510.3 

73.5 

0.8G7 

1.67 

Gonadectomized 

animals 

13 

582.3 

157.3 

0.G30 

l.OS 


It is seen from Table 1 that the gonadectomized animals 
show a considerable gain in hodj”^ weight as compared with 
that of the other groups. The spleens of the oestradiol-treated 
animals show a somewhat larger fresh weight than that of 
the pregnant animals, and hence their SW/BW-ratios (»re- 
lative spleen weight«) were raised. This was in contrast to 
the low corresponding values of the gonadectomized animals. 

Table 2 gives the mean figures for the amount of the white 
pulp (WP) expressed as a percentage of the amount of the 
whole spleen (S), and the proportion of reaction centres (RC) 
in the white pulp, also expressed as a percentage. 
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Table 2, . 

delation between amount of the whole spleen,' the white pulp and 

the reaction centres. 


1 

1 

j 

Mean figure for 

Grouj) 

No. of I 
animals I 

1 

Hntio 

SW/BW 

Batio 

WP/S 

j Btilio 

I\('./WP 


1 


1 per cent 

( per cent 

Control animals 

14 

1.42 

13.9 

11.7 

Oestradiol'treated 

animals 

13 

1.92 

10.2 

lO.G 

Pregnant animals 

11 

1.67 

16.0 

12.0 

Gonadectomized 

13 

1.08 

20.5 

16.9 


animals 


The proportion of white pulp in the gonadcctomized and 
pregnant animals is thus higher than in the controls, whereas 
the oestradioltreated animals show rather lower figures. The 
statistical significance of these figures is shown in Table 3. 
The amount of reaction centres in the white pulp is practically 
identical in the first three groups, but a marked increase is 
found in the gonadcctomized animals. 


Table 3. 

Differences helween the various groups of guinea-pigs as regards the 
proportion of white pulp and reaction centres respectively. 


Difierence between 

While pill]) 

t> 1 p'-< 

Heactioii 

centres 

i‘ 1 

Controls and pregnant 

6.24 

<0.001 

0.52 

0.6 

Controls and gonadectomized 

8.26 

<0.001 

4.66 

<0.001 

Controls and oestradiol-treated 

7.51 

<0.001 

1.94 

0.05 

Pregnant and gonadectomized 

4.58 

<0.001 

1.68 

0.1 


1) t = the quotient of the difference and its mean error. 

2) p = refers to the probability of the difference occurring by 
chance (calculated according to R. A. Fischer). A >>p« of less tliaii 
<0.05 indicates a significant difference. 



r„W. S shows the difrcronc-e hcLwccn Iho vonous arouj.s 
as rsgaids tlic proporlio.i at white pulp :uul rouetion eeul.es 

'“u t'lhu; SCO,. llu,l the diffe-reuces hetweeu the a.uouui of 
evhilc pulp iu Ihe coulrols aud Ihe cspon.uculul auuuals a.e 






/■’if/. I. 

Contour drawings from the transverse sections of the spleen in the 
various experimental guinea-pigs, demonstrating the amount and 
condition of the wliito pulp in different types of spleen, 
a. control animal; b. oestradiol-lrcated animal; c. pregnant animal; 
d. gonadectomized animal. 1, reaction centre (black); •.*. undeveloped 
lymphatic nodule; 3. lymphocytic horder zone surrounding Ihe reac- 
tion centre. X 7.5. 
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all statistically significant. As regards the proportion of re- 
action centres in the white pulp only in the gonadectomized 
animals is there a significant difference as compared with the 
controls. 

Table h shows the amount of w’hite pulp in relation to body 
weight. 


Tabic 

Tho amount of white pulp in relation to body weight. 


Grouj) 

1 

No. of 
animnls 

Mean 

U7)i7r pulp 
Whole spleen 

figure for 

Ainounl of white pulp 
per hg. body weight 

Control animals 

14 

13.9 

0.199 

Oostradiol-lroalod 

animals 

13 

10.2 

0.196 

Pregnant animals 

11 

16.0 

0.270 

Gonadociomized 

animals 

13 

20.5 

0.221 


It is seen from tho figures in the last column of Table 3 
that the pregnant animals have the largest amount of white 
pulp in relation to their body w'cight. The gonadectomized 
animals also show an increase of the lyunphatic tissue of the 
spleen but there is practically no difference between the 
amounts of lymphatic tissue in the spleens of the oestradiol 
treated and control animals. 

Considering the reaction centres these appeared histo- 
logically to be of the same type in all the groups eontaining 
but little of nuclear debris, some mitotic figures and sur- 
rounded by a typical outer darkstaining zone of small lympho- 
cytes. 


DISCUSSION 

The significance of the hormonal factors is difficult to 
interpret on the basis of the results obtained. The experiments 
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do not necessarily indicate that the action of the female gonads 
have a direct influence on the amount of the lymphatic tissue 
of the spleen but they evidently show that the various groups 
of animals have different types of spleens schematically shown 
in Fig. 1. According to v. Herrath (1939) there are two dif- 
ferent types of spleens among mammals: the so-called »Ab- 
wehrtyp« with a well developed white pulp and opposed to 
that the »Speicherungstyp« i. e. with moderately developed 
lymphatic tissue. 

It seems reasonable to interpret the differences in the types 
of spleen found in the different groups as related to the varia- 
tions in the ability of the white pulp to respond to mild in- 
fectious or toxic irritants. The reactive ability of the white 
pulp seems to be modified by the female gonads. 

The striking difference between the amount of white pulji 
in the various groups of animals is due to some extent to dif- 
ferences in the amount of non-lymphatic splenic tissue (see 
Table 4). The considerable increase in the amount of while 
pulp in the pregnant and gonadectomized animals as compared 
with the controls is, however, quite clear. The findings in the 
pregnant animals are in agreement with those described by 
Varaldo (1905) and Anufrejew (1910). In the present investi- 
gation the spleens were examined in the middle third of the 
pregnancy, and this may explain why these organs were so 
large in contradiction to the small spleens found during the 
last part of pregnancy by Sleeth et al. (1939). 

The comparatively small amount of white pulp in the 
spleens of the oestradioltreated animals may demonstrate the 
effect of very large amounts of oestradiol (100 000 I. U.). Ac- 
cording to Selye et al. (1936) oestrogens given in sufficiently 
high doses are capable of producing an alarm reaction with 
involution of the white pulp. The action of the oestrogen given 
in this experiment may thus be considered as nonspecific. 

It is seen from the figures in Table 2 that there is a positive 
correlation between the amount of reaction centres and the 
remaining lymphatic tissue of the spleen. (Correlation coef- 
ficient = -f 0.71 + 0.07), This implies that an increase in 
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the while pulp usually causes a proportionate increase in the 
amount of lymphatic nodules with developed reaction centres. 
The gonadectomized animals are an exception to this rule since 
they show a disproportionately large amount of reaction 
centres. 


SUMMARY 

The effect of gonadectomy, pregnancy and administration 
of oestradiol monohenzoate on the lymphatic tissue of the 
spleen is studied in 51 guinea-pigs. 

In comparison with the controls, the spleens of the gonad- 
ectomized animals show a considerably increase in the amount 
of lymphatic tissue, and a disproportionately large amount of 
reaction centres. 

The spleens of the pregnant animals also had a large 
amount of white pulp with a proportionally large amount of 
reaction centres. 

The spleens of the oestradiol-treated animals were 
strikingly enlarged, with a relatively small amount of lym- 
phatic tissue and a proportionately low content of reaction 
centres. 

The differences between the amounts of white pulp, ex- 
pressed as percentages of the whole spleen, were all statistical- 
ly significant. 

As regards the amount of reaction centres expressed as a 
percentage of the white pulp, only the gonadectomized animals 
showed a significant difference from the controls. 

The reactive ability of the white splenic pulp appears to 
be influenced by the endocrine condition of the female gonads. 
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VARIATIONS IN THE 24-HOURS’ RHYTHM 
OF THE HEPATIC GLYCOGEN IN THE RABBIT 
FOLLOWING HYPOPHYSECTOMY 

BY 

JAN STAHLE 

1. THE HEPATIC RHYTHM. 

Since Claude Bernard’s discovery of hepatic glycogen in 
1856, much has been written concerning the role of the liver 
in carbohydrate metabolism. When Forsgren (1927) demon- 
strated that there was a special 24-hour rhythmic variation in 
the storage and production of hepatic glycogen, a special me- 
thod of investigating liver function became available. In later 
publications, in which he also studied the formation of bile, 
the same worker found that there was an inverse relation be- 
tween the formation of glycogen and of bile, as these processes 
compete with each other to some extent. Thus, when the liver 
shows a maximum storage of glycogen, the formation of bile 
is at a minimum and vice versa. 

The 24-hour cycle in the function of the liver was subse- 
quently studied in rats and mice by Agren, Wilander & Jorpes 
(1931) and by Holmgren (1931). Higgins, Berkson & Flock 
(1932), however, were of the opinion, that the content of gly- 
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Fig. •/. 

The hepatic glycogen content as descvibecl by Forsgren. 

cogen, water, fat and protein in the liver, is, to a great extent 
determined, by the time needed for the intake of food, and 
that there is »no cyclic activity« in the liver itself. They did 
not, however, exclude the possibility that there is a primary 
gastro-intestinal rhythm which controls the effects seen, se- 
condarily, in the liver. 

Later workers {von Euler & Holmquist, 1934), were able to 
confirm the findings of. Forsgren on a large number of rabbits, 
and Mollerstrom (1930) demonstrated a daily rhythmic ex- 
cretion of urine dextrose, which is to a great extent indepen- 
dent of the intake of food. He also showed that in diabetics 
there was a daily cyclic variation in the blood sugar, in which 
the alimentary factors appear to be of minor importance. The 
investigations of Gerritzen (1940) on the excretion of sub- 
stances in the urine in man, give further support to the theory 
of a hepatic rhythm. 

The times in the diurnal cycle at which the maximum and 
minimum glycogen contents of the liver occur, vary in dif- 
ferent species. Sjogren, Nordenskjold, Holmgren & Mdller- 
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Strom (1938) investigated inter alia the glycogen variations in 
the rabbit. They demonstrated two glycogen maxima in the 
female rabbit, i. e. at 5 and 16 o’clock and two minima, i. e. 
a definite one at 9 o’clock and one less sharply defined be- 
tween 22 and 3 o’clock. A similar cycle also occurs in male 
rabbits. The authors emphasize, however, that only twelve 
males were used in these experiments, and that the results 
may not be significant. 

It is further demonstrated in the same paper that male 
rabbits have a larger capacity for glycogen storage than fe- 
males. Duel jr., Gulick, Grunewald & Cutler (1934) showed 
that the amount of hepatic glycogen level found in the female 
is approximately 60 per cent of that of the male, and also that 
the glycogen capacity of the liver varies according to the age 
of the animal. Duel jr., Butts, Hallman, Murray & Blunden 



Weight of the liver in relation to the body weight 

Fig. 2. 

Female rabbits after feeding. The glycogen content in the liver, and 
the weight of the liver in relation to the body weight. (The arrows 
indicate the feeding time). According to Sjogren, Nordenskjold, 
Holmgren & Mdllerstrdm, 



131 



Glycogen content of the liver 

Weight of the liver in relation to the body weight 

Fiff. 3. 

Male rabbits after feeding. Glycogen content in the liver, and weight 
of the liver in relation to the body weight. (The arrows indicate the 
feeding time). According to Sjogren, Nordenskjold, Holmgren c& 

Mdllerstrdm. 

(1937) demonstrated that in mice and rabbits the glycogen 
content of the liver is greatest during the period of sexual 
maturity and lower in young and old animals. 

A number of organs in the body show similar 24-hour 
rhythmical variations. The monograph by Jores (1937), on 
the subject should be consulted. 


II. THE REGULATING FACTOR. 

The existence of an endogenous 24-hour’ rhythm in the 
liver glycogen metabolism appears to be fairly well established. 
The problem then arises: what is the regulating factor? Some 
workers believe that, it is the adrenals, others that the pitui- 
tary body is responsible. 

That the adrenals play an important role in the regulating 
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mechanism is shown by the investigations of von Euler & 
Holmquist (1934), who demonstrated that the concentration 
of adrenaline both in the adrenals and in the blood, undergoes 
daily cyclic variations with a maximum value corresponding 
approximately to the minimum content value of the hepatic 
glycogen, and vice versa. Moreover, Agren (1935) found in 
adrenalectomized rabbits, that the glycogen content of the liver 
was low at all times of the da 3 % and that a 24-hours’ rhjdhm 
could not be demonstrated. He considered that cortin was 
])robably the regulating factor. Bergman & Klein (1943) ex- 
cised the adrenal glands of rats and then administered an ex- 
tract of the adrenal cortex. By this means they were able to 
restore a normal balance between the content of glycogen and 
the weight of the liver. 

The effect of the pituitary on the hepatic rhythm in rats 
was studied by Jores (1940) who found that after hypo- 
physcctomy, the glycogen and bile pigment rhythm was con- 
sidcrablj' disturbed, hut not altogether inhibited. The glycogen 
maximum during the night, demonstrated by Forsgren and 
others still occurred. It is also of some interest in this connec- 
tion to note that van Nieiiwenhinzen (1941) demonstrated in 
a number of cases in man disturbances in the carbohydrate 
absorption associated with various degrees of pituitary insuf- 
ficiency. 

The problem of the effect of the adrenals and the pituitary 
is complicated by the question of the interrelationship between 
those organs. Thus Houssay, Binsotti & Mazzacco (1933), 
found that the %veight of the adrenals was reduced by 38 
per cent after destruction of the pituitary body in dogs by 
means of electric cauterization, and Houssay & Mazzacco 
(1933) demonstrated that the amount of adrenaline per unit 
weight of adrenal gland decreased in hypophysectomized dogs. 
Ingle (1942) showed that if the anterior lobe of pituitary is 
removed, the adrenal cortex undergoes considerable atrophy. 
According to Long (1939), if hypophysectomized rabbits are 
treated xvith an extract of the adrenal cortex, then the de- 
creased hepatic glycogen level caused by the atrophy of the 
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adrenal cortex is once more raised. Houssay (1942) sum- 
marises the relation of the anterior lobe of the pituitary gland 
and of the adrenals, to the carbohydrate metabolism, and has 
demonstrated that the amount of hepatic glycogen is not af- 
fected by hypophysectomy, provided that the animal is given 
food ad libitum post-operatively. In fasting animals, on the 
other hand, the glycogen values are extremely low. Houssay 
does not, however, state at what time of the day the glycogen 
determination was made, nor does he discuss the problem from 
the aspect of the hepatic glycogen rhythm. 

In studies on experimental diabetes in the rabbit, Iversen 
(1947) found that the hepatic glycogen was not significantly 
different from the normal in adrenalectomy, in destruction of 
the adrenal medulla, or in adrenalectomy combined with pre- 
treatment with an extract of the adrenal cortex. In hypo- 
physectomized animals, however, it was somewhat less than 
in normal animals. It is difficult to assess the value of these 
findings, since Iversen did not take into account the fact that 
the time at which the determinations are made effects the 
figures obtained, both for the amount of blood sugar and of 
hepatic glycogen. 

To sum up, it can he said that the role of the pituitary 
in the regulation of the 24-hour cyclic variations of hepatic 
glycogen is as yet not fully known. The aim of the present 
investigation is to throw some light on this problem. Its 
primary object is to determine the weight of the liver as a 
percentage of the body weight, after hypophysectomy, and 
also to measure glycogen content as a percentage of the weight 
of the liver at two fixed times during the da 3 ^ when a glycogen 
minimum and maximum respectively occur in normal animals. 


HI. METHOD. 

experimental animals. Hypophys- 

(1940)^oi7twentv°-Ti^u ii^ethod of Jacobsohn S Wcslman 

). ntj labbits, and twenty were used as controls. Numal 
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(10 per cent allylisopropyl barbituric acid, Hoffman-La Roche, Bale) 
was used as an anaesthetic. Since bypopliysectomy causes consider- 
able damage to the organism, postoperative complications are not 
unusual. Penicillin was therefore administered to several animals 
in order to prevent postoperative pneumonia. In addition, the days 
just after the operation, it was necessar-y to inject glucose intra- 
venously to some animals to overcome imminent hypoplycaemia 

Both groups of animals were given food ad libitum. This con- 
sisted of hay, crushed oats, and swedes. Fourteen days after hypo- 
phj'sectomy the animals were sacrificed, the liver was excised and 
weighed and the glycogen content determined. Twenty animals (10 
experimental animals and 10 controls) were killed at 10 o’clock, 
when a glycogen minimum is believed to occur, and a corresponding 
number at 17 o'clock, i. e. approximately at the time of the glycogen 
maximum. The determination of the hepatic gljmogen was performed 
by Bertrand's method. In each case one gram of liver from the same 
lobe was examined. Two determinations were made for each animal, 
and the mean figure obtained was taken as the basis for the in- 
vestigation. The glycogen was dissolved in 60 per cent potassium 
hydroxide solution, washed carefully in alcohol and ether, and hy- 
drolyzed in 5 per cent hydrochloric acid, after which the reducing 
sugar was determined volumetrically. 

The pituitary fossa was sectioned in all animals in order to make 
sure that the hypophysectomy had been complete, and this was 
found to be the case in all but two animals, in which small pieces 
of the pituitary were found on microscopic examination. Since it 
can be assumed that any function of the pituitary gland in these 
cases was very considerably decreased, these figures were also in- 
cluded in the investigation. 

Histological sections were prepared from all the livers and 
stained both with carmine and by Mallory’s method with Forsgren’s 
modification. Since the findings were similar to those described by 
Forsgren, and since no apparent difference between the liver struc- 
ture in the hypophysectomized and the normal animals could be 
observed, no description of the appearance of the sections will be 
given here. 


IV. RESULTS OF THE INVESTIGATIONS. 

The times for sacrificing the animals were chosen to coin- 
cide with those of the maximum and minimum hepatic glyco- 
gen since it was at such times that any variations between 
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the glycogen content of the experimental and control animals 
could be expected to be most obvious, should the pituitary 
gland have any regulating effect on the hepatic, glycogen. 

Table 1 shows the figures obtained at 10 and 17 o’clock, 
when a glycogen maximum and minimum respectively can be 
considered to occur. 


Table 1. 

Liver weight and glycogen content in hypophysectomized animals 

and in controls. 



Time of 
analj'sis 

Weight of liver 
as a percentage 
of bod 3 ’ weight 

1 

Glycogen content 
in per cent 

Hypophysectomized 

animals 

10.00 hrs 

3.55 + 0.20 

3.20 ± 0.20 

Controls 

10.00 hrs 

2.91 + 0.14 

2.13 + 0.17 

Difference 


0.64 + 0.24 

1.07 ± 0.26 

Hypophysectomized 

animals 

17.00 hrs 

3.64 + 0.13 

7.67 ± 0.31 

Controls 

17.00 hrs 

3.79 ± 0.18 

9.44 + 0.54 

Difference 


0.15 + 0.22 

1.77 ± 0.62 


It is seen from the table that the weight of the liver of the 
hypophysectomized animals, expressed as a percentage of the 
body weight, shows a probable increase at 10 o’clock (differ- 
ence: 0.64 ± 0.24). Moreover, the hepatic glycogen content, as 
a percentage of the liver weight at the same time, shows a 
statistically significant increase (difference: 1.07 ± 0.26) in 
comparison with that of the controls. At 17 o’clock, however, 
the conditions are to some extent reversed. The weight of the 
liver as a percentage of the body weight shows no statistically 
significant variation, whereas the glycogen content of the con- 
trols as a percentage shows an increase as compared with the 
experimental animals (difference: 1.77 ± 0.62). 
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The results of the experiments can be expressed graphically 
as follows : ^ 



\r^ 10 ““ 


B Ilj'pophj'seclonhzed animals 
n Controls 

It is seen from this diagram that the experimental animals 
show much smaller glj'cogen variations than the controls. The 
glycogen minimum and maximum are, however, still present. 
The pituitary evidently has some regulating effect on the 24- 
hours’ rhythm of the glycogen metabolism, but hypophysect- 
omy does not cause a cessation of the hepatic rhythm. Either 
the hepatic rhythm is onlj’^ partly regulated by tbe pituitary, 
or some other organ acts as a temporary regulator. There is, 
of course, a third possibility, i. e. that the pituitary is not in 
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any way connected with the 24-hour cyclic variations and that 
the decreased glycogen value observed at the period of the ex- 
pected glycogen maximum are due to a traumatic effect of the 
operation. But this does not explain the fact that the glycogen 
figures for the experimental animals at 10 o clock show a 
statistically significant increase over those of the controls and 
also that the postoperative loss of body weight is usually slight 
and that several animals even showed a small increase in 
weight. 

Since the percentage figures for the glycogen content in 
the experimental animals at 10 o’clock are considerably higher 
than in the controls and lower at 17 o’clock, it is likely that 
the pituitary has some regulating effect on the glycogen meta- 
bolism. 


SUMMARY. 

An investigation was carried out on 40 female rabbits in 
order to ascertain the possible influence of hypophyseclomy 
on the 24-hour cyclic variations of the he]>alic glycogen. The 
animals were divided into two groups, of which the first was 
killed at 10 o’clock and the second at 17 o’clock. Each group 
consisted of 10 experimental animals and 10 controls. Food 
was given ad libitum. The glycogen content was determined as 
a percentage of the weight of the liver, and the weight of the 
liver as a percentage of the body weight. 

At 10 o’clock, when the controls showed a minimum glyco- 
gen content, the hypophysectomizied animals sho\ved a statis- 
tically significant increase in the glycogen content expressed as 
a percentage of the liver weight (difference: 1.07 ± 0.26). At 
17 o clock, however, when the controls showed a glycogen 
maximum, a decrease was found in the experimental aninials 
which was almost significant (difference: 1.77 ± 0.62). 

The relation between the weight of the liver and the body 
weight showed no statistically significant difference between 
the experimental and the control animals. At 10 o’clock, how- 
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ever, the experimental animals showed a probable increase in 
the weight of the liver (difference: 0.64 + 0.24) whereas at 
17 o’clock no difference in the weight of the liver of the two 
groups could be observed. 

The daily rhythm in the hepatic glycogen metabolism thus 
showed smaller variations than in the controls, but was ne- 
vertheless apparent. This decrease in the variation was prob- 
ably caused by the cessation of the hypophyseal function. 
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THE ANTIGEN AND PYROGEN CONTENT IN 
COMMERCIAL CHORIONIC GONADOTROPHIN 
PREPARATIONS, WITH REFERENCE TO 
THEIR CLINICAL APPLICATION 

BY 

V.-^LDEMAR MADSEN, K. PEDERSEN-BJERGAARD, K. ROHOLT 

& M. T0NNESEN 

Treatment with preparations of chorionic gonadotrophin 
often leads to certain toxic complications. In the worst of 
cases these well-known complications, consisting especially of 
pyrexia and its associated symptoms, require either that the 
treatment be suspended or that it be continued with such small 
doses that no hormonal effect can be expected. The cause of 
these unfortunate reactions is that the preparations contain 
impurities originally present in the urine of pregnant women. 

The active principles of many drugs of biological origin 
have not yet been prepared in a pure state, at best they may 
be described as purified concentrates of the active principles. 
The past few years have seen the introduction of tests for im- 
purities as well as for the determination of the potency of the 
drugs. This applies to substances such as heparin, liver and 
certain vitamin preparations, but no definite standard has 
yet been set up for the purity of chorionic gonadotrophin pre- 
parations. 

Kjems & Pedersen-Bjergaard (1942) suggested using the 
antigen content in chorionic gonadotrophin preparations as a 
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measure of the degree of purity and introducing a specific 
limit for the content of antigens. The present work may be 
regarded as an amplification of that idea. 

When making a biological evaluation of the impurities in 
a preparation, we have concentrated on investigating its con- 
tent of antigens and pyrogens. Both groups of sulistances are 
found in urine and will be present in the chorionic gonado- 
trophin preparations, as they have a marked tendency to ac- 
company the gonadotrophic activity' through the processes 
both of purification and isolation. Tlie antigens arc chiefly of 
human origin, whereas the pyrogens are essentially products 
of bacterial growth in the urine. The toxic effects observed 
from treatment with chorionic gonadotrophin arc presumably 
to a large extent due to the pyrogens iiresent in the prepara- 
tions. Antigens are not foreign to the human organism and 
anaphylactic symptoms or serum disease have not a]iparently 
been observed in patients treated with chorionic gonadotro- 
phin. Thus, although antigens arc in themselves practically 
innocuous, they will provide some indication about the pu- 
rity of the preparations since they remain closely associated 
with the hormone and pyrogen in the process of purification. 

Our purpose has been to establish, liy means of comiiara- 
tive clinical and biological observations, a simple method for 
determining how much the amount of antigen and pyrogen 
present in a given preparation of chorionic gonadotrophin 
effects its clinical use. 


TECHNIQUE 

The investigation was performed as follows; 

Twelve preparations of chorionic gonadotrophin of ^•a- 
rious degrees of purity were tested. The clinical evaluation 
Avas made by injecting 1500 I. U. intramuscularly into healthy 
women. We chose this dose because Rydberg & Madsen (1947) 
use doses of this order when treating amenorrhea and func- 
tional sterility. 2, 4 and 6 hours after the injection the wo- 
mens temperatures were taken. In addition, they answered 
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questions as to their general condition, especially with regard 
to sensations of cold or shivering, nausea, vomiting, and local 
tenderness around the site of injection. 20 — 40 injections of 
each of the 12 preparations were given and altogether 100 
women wmre injected. A total of 350 observations were made 

For the antigen test we used the classical anaphylaxis test 
on guinea-pigs. The principles of the quantitative titration of 
antigens were described by Walzer & Grove (1925). Our ex- 
perimental technique, previously described by Kjems & Pe- 
dersen-Bjergaard (1942), wms as follows: Young guinea-pigs 
weighing 250 — 300 gm. \vere sensitized with the preparation 
by means of three subcutaneous injections at intervals of five 
days. On the 25th day after the first sensitizing dose, the ice 
cooled shock dose was injected intravenously in the jugular 
vein. The shock dose used was 3.000 I. U. of a rather impure 
chorionic gonadotrophin preparation. If within three minutes 
of the injection this dose is capable of causing a fatal shock 
in the sensitized animal, the reaction is regarded as positive. 
We have determined the quantity of the preparation, expres- 
sed in international units, which, used as one of the sensitizing 
doses, is capable of causing fatal shock in 50 per cent of the 
animals. This quantity we have called AD^^. For the prelimi- 
nary determination of the antigen content in a preparation we 
used three animals for each dose, and for the ultimate titra- 
tion ten animals for each dose. 

Measurement of the pyrogenic activity of preparations was 
made on rabbits weighing 1800 — 2200 gm. The quantity of 
substance to be tested was dissolved in 5 ml. physiological 
saline prepared with pyrogen-free water, and injected into an 
ear vein of a rabbit immediately after the rectal temperature 
wms taken. The temperature was then taken after 1%, 3 and 5 
hours. The maximum temperature difference is then an ex- 
pression of the quantity of pyrogen injected. We have deter- 
mined the quantity, expressed in international units, which 
causes a rise of 0.7° C in the temperature. This value is called 
PDo.v Because of individual variations, determinations by this 
method are rather uncertain and hence, we used a minimum 
of 15 rabbits for each dose. 
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J. U'l/C/v « • , 

The antigeh and pyrogen contents In chorionic gonadotrophin 
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1 

2 
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No. 

No. of clinical 
observations 

Febrile reaction, 
in per cent 
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1 
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1 

2 

3 

4 
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7 
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10 
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33 

0 

22 

3000 

29 

7 

3 

350 

29 

14 

4.8 

175 

40 

15 

2.4 

175 

41 

22 

6.2 

150 

18 

y 33 

2.5 

150 

21 

52 

2.5 

100 

28 

54 

0.8 

40 

30 

43 

0.4 

35 

40 

43 

4.2 

30 

22 

50 

0.4 

30 

24 

70 

0.9 

20 


RESULTS 

The results of the investigation will be seen in Table 1. In 
the first column the numbers of the preparations are given, 
in the second, the number of observations forming the basis 
of the clinical evaluation, while the third column shows the 
percentage of cases of fever observed among the patients. The 
last two columns show the relative content of anaphylaxis- and 
pyrexia-inducing substances as determined on guinea-pigs and 
rabbits respectively. The preparations are listed according to 
their content of pyrogens, as measured on rabbits, preparation 
No. 1 having the lowest pyrogenic activity per unit and No. 12 
the highest. 

As already stated, the rectal temperatures of the w’omen 
were taken. The symptoms recorded by the women treated 
with preparations of chorionic gonadotrophin consisted of 
cold, shivering, nausea, local tenderness around the site of 
injection, and sometimes other discomforts. In many instan- 
ces, however, these observations were of so subjective a nature 
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and their relation to the injection so uncertain that we did 
not consider it advisable to include them here. Nausea follow- 
ing injection was complained of in less than 10 per cent of 
all patients; and as it was consistently found with all the pre- 
])arations used, no great significance can be attributed to it. 

As regards local irritation, preparation No. 1 gave no cause 
for complaint, hut with Nos. 2 to 6 about 50 per cent and with 
Nos. 7 to 12 about 80 per cent of the patients complained of 
pain at the site of injection. Although there was no close re- 
lation between the degree of purity of the preparations and 
their irritant properties, the three figures: 0, 50 and 80 per 
cent are all the same in the last two groups, in accordance 
with expectation. 

Shivering was naturally observed in some febrile patients, 
usually when the rise in temperature was more than 1° C. As 
a general rule the increase was only about 0.5 to 1.0° C, but in 
some cases there were increases of from 1° to 2° C, and indeed 
in a few instances, when preparation No. 12 was employed, as 
much as 2.5° C. In view of the marked individual variability 
of the reactions of man to pj'rogenic substances, we have de- 
termined the pyrogenic effect only qualitatively using as our 
criterion the occurrence of an abnormally high body tempe- 
rature. On the other hand, when dealing with rabbits, which 
must be regarded as a much more homogenous material, we 
aimed at expressing the results quantitatively e. g. PDoj is the 
dose in I. U. which within the limits variability, just causes 
a temperature rise of 0.7° C. 

It will be seen from the table that the preparations have 
a PDo .7 varying from 20 to 3.000; this means that prepara- 
tion No. 1 is 150 times as pure as No. 12 from the pjTOgenic 
])oinl of view. This difference is reflected in Column 3, which 
shows that when preparation No. 12 is administered, a fever 
reaction may be expected in about three-quarters of the cases, 
whereas there will be no pyrexia when preparation No. 1 is 
used. 

On the whole, no complications were observed from the 
use of No. 1. Preparations Nos. 2 to 11 have effects interme- 
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diate between that of pure and impure preparations, and it 
will be seen that there is a satisfactory agreement between the 
values in Cols. 3 and 5. The value AD^o in Col. 4 (the dose in 
I. U. which produces anaphylactic shock in five out of ten 
animals) varies from 22 to 0.4, a difference of about 1 to 50. 
Generally speaking there is close agreement between AD^g 
and PDoj-. the purer preparations have an ADj;„ higher than 
2.5, and the impure ones have an AD^,, of less than 2.5. Pre- 
paration No. 10 is an exception; anligenically it is rclali\cly 
pure, hut pyrogenically very impure. Thus an antigen deter- 
mination alone is not sufficient to determine the jiurily of a 
preparation. 

If now we were to define tlie limits of purity from the re- 
sults of our present investigations, we should say that as pre- 
paration No, I produces no complications and No, 2 hardly 
anj', the permissible content of impurities, as expressed by 
the ADjp and the PDg ^, must lie within the limits observed in 
these two preparations. In other words, the AD..^ must lie be- 
tween 3 and 22, and the PD0.7 must lie between 350 and 3.000. 
We would therefore suggest that a chorionic gonadotrophin 
preparation to be used clinically in the form and dosage des- 
cribed above should have an higher than 10, and a PDo." 
higher than 1.000. 

Having worked out these standards, we next considered 
the question of how closely’’ they arc attained by the best 
known commercial preparations at present available. In all, 
we tested ten preparations from well-known chemical firms 
in six different countries. The results will be seen in Table 2, 
in which the preparations arc arranged according to the ])y- 
rogen content in the same way as in Table I, Only prepara- 
tions Nos, 1, 2 and 3 came up to the suggested standard; the 
remainder were found to be very toxic. Preparations Nos, 5 
and 6 contain only a small quantity of antigen as compared 
with their pyrogen content, and No. 5 shows that a ])rc]iara- 
tion may very well comply with the antigen lest and still be 
highly pyrogenic. Thus even if the contents of these two im- 
purities run parallel in most cases, there arc exceptions, pro- 

Acta cndocrinol. Vol, 2. II. 
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Table 2. 

The antigen and pyrogen contents in commercial chorionic 
gonadotrophin preparations. 


Preparation j 

1 


P^O.7 

I 

90 

3000 

II 

— 

2000 

III 

25 

1500 

IV 

0 

75 , 

V 

25 

40 

VI 

6 

15 

VII 

1.5 

15 

VIII 

2 

15 

IX 

3 

10 

X 

0.5 

5 


l)al)ly liecause some factories have processes with which large 
quantities of proteins are removed leaving the polysaccharides 
of which the pyrogens presumably consist, still associated 
with the hormone. The injections of 1500 I. U. of prepara- 
tions Nos. 4 to 10 are certain to induce considerable tempe- 
rature reactions. However, the low doses, usually from 50 to 
500 I. U., recommended in some of the ’literature accom- 
panying the preparations, would seem to indicate that it is 
more often the impurity of the preparation rather than its 
therapeutic potency, which determines the dosage suggested. 
The observation shows the need for introducing definite stan- 
dards of purity for chorionic gonadotrophin preparations. 


SUMMARY 

A number of chorionic gonadotrophin preparations of va- 
rious degrees of purity were tested for antigenic and pyrogenic 
substances. These tests were accompanied by an investigation 
of the extent to which these preparations cause toxic compli- 
cations when used clinicallj'. It was found that there is such 
a close correlation between the degree of purity of a prepara- 
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lion and its clinical value, that the usefulness of a preparation 
can he inferred from a determination of the antigen and pyro- 
gen contents, and especially of the latter. On the basis of these 
experiments the authors suggest that preparations should he 
tested for their purity. Such a test was performed on ten dif- 
ferent ]u’oducts from ten different factories. Onlj’’ three pre- 
jiarations out of the ten were found to be satisfactory. 
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From the Department of Gjmecology and Obstetrics, Frederiks- 
berg Hospital, Copenhagen, and from the Hormone Department 
of the Slate Serum Institute, Copenhagen. 

THE FORMATION OF ANTIHORMONES IN 
WOMEN TREATED WITH PREGNANT MARES’ 
SERUM HORMONE (ANTEX) A) 

BY 

ERLING 0STERGAARD and CHRISTIAN HAMBURGER 

The formation of antigonadotrophic substances in patients 
under treatment with gonadotrophic hormones has been de- 
monstrated by Rowlands & Spence (1939), Jailer & Leathern 
(1940), Ostergaard (1942), Leathern & Abarbanel (1943), 
Leathern (1944), Leathern & Rakoff (1948 a, b), and Ham- 
burger (1948). 

It appears from our present knowledge of the mechanism 
involved in the formation of antihormones that this process is 
of an immunological nature and that only gonadotrophins 
originating from a species other than that of the recipient 
can induce in the recipient the formation of antihormone 
against the particular gonadotrophin. 

Accordingly, the gonadotrophins used by above mentioned 
investigators in man have in all cases been of an origin other 
than human, i. e. pregnant mares’ serum or sheep hypophyses. 
In spite of numerous investigations it has never been possible 
to demonstrate in man antihormones resulting fi’om the ad- 

*) Paper given at the meeting of the Scandinavian Societies for 
Endocrinology in Stockholm, September 25 — 26, 1948. 
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ministration of chorionic or other gonadotrophins of human 
origin. It is not necessary to accept as an exception to this 
rule the fact that Segaloff & Parson (1947) found that the 
serum of a patient treated with chorionic gonadotrophin in- 
activated this substance; for the patient had been treated 
with hypophyseal gonadotrophin of foreign origin before the 
treatment with chorionic gonadotrophin wms started, and this 
presumably was the cause of the formation of antihormone 
in their case. 

It should be mentioned that, under certain conditions, pro- 
longed treatment with gonadotrophins may result in the for- 
mation in the receptor animal of substances which are not 
antigonadotrophic but progonadotrophic, i. e. they augment 
the activity of the particular gonadotrophin when injected 
with it into test animals. {Collip, 1937, Thompson, 1937, Row- 
lands, 1938, Katzmann et al., 1939, and 0stergaard, 1942). 
In the animal experiments of Collip, Thompson and Rowlands 
continued treatment with gonadotrophin resulted in a pre- 
liminary period of progonadotrophic activity of the receptor 
animals’ serum, which after some time changed its activity 
from progonadotrophic into antigonadotrophic. According to 
the explanation of this phenomenon given by Thompson and 
Rowlands, it is reasonable in such cases to look upon the pro- 
gonadotrophic activity as the first step in the process of for- 
mation of antihormones, 

Progonadotrophic activity in the blood of man treated with 
gonadotrophic hormones has not yet been recorded. But it ap- 
pears from the experimental data in the paper by Leathern & 
Rakoff (1948 a) that at least 3 of the blood specimens from 
their patients shoAved a progonadotrophic activity; the authors, 
however, take no notice of this fact. 

In Ostergaard’s thesis (1942) it wms showm that continued 
and prolonged treatment of man with Antex (pregnant mares’ 
serum hormone) quite frequently leads to the formation of a 
specific antihormone in the recipient, whereas an intense 
treatment of short duration (3000 1. U. of Antex daily in 5 
consecutive days) did not result in the formation of antihor- 
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mone in 10 cases investigated, of which 4 received a repetition 
of the short treatment a month later. It ^Yas therefore suggested 
that the best method of giving Antex in cases of ovarian in- 
sufficiency consisted in such short periods of treatment to he 
repeated later if necessary. 

In 1948, however, Hamburger demonstrated the presence 
of antihormone in a patient after 3 such brief Antex-treat- 
ments, and this led the authors to investigate the question: 
How often in a greater number of cases does the repetition of 
such short periods of treatment with Antex lead to the forma- 
tion of antihormone? 


PATIENTS AND TREATMENT 

The patients who were examined for antihormone were all 
women treated for different degrees of ovarian insufficiency, 
in the gynecological department of the Frederiksberg Hospital, 
Copenhagen. 

Up to the present 20 cases have been investigated with 
exactly the same technique as is described below. We have 
not found it necessary for our purpose to give all the case 
histories in detail. The reader is referred to Table 1, which 
gives the case number, age of the patient, diagnosis of the 
case including our opinion as to the degree of ovarian insuf- 
ficiency, details of the treatment, results of treatment with 
regard to restoration of menstrual cycle, details of the in- 
vestigation for antihormone and an evaluation of the different 
blood specimens. 

The patients were all in-patients for some time and under- 
went the usual investigations for such cases, including en- 
dometrial biopsy, hormone analyses, basal metabolism and 
X-ray examination of the sella turcica. The assessment of the 
degree of ovarian insufficiency is based upon the clinical con- 
dition of the patient, extreme insufficiency being reserved for 
cases with increased excretion of gonadotrophin or very pro- 
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nounced atrophy of the genital organs. Accordingly the cases 

may be grouped as follows; 

Primarj' amenorrhea, extreme insufficiency, 4 cases, 
Secondary amenorrhea, 9 cases; 

Oligomenorrhea, extreme insufficiency, 1 case. 
Oligomenorrhea, 5 cases; 

Meno-metrorrhagia, 1 case. 

Three of the patients complained of infertility. 

The treatment has been very uniform. All patients liavc 
received a series of 5 injections of pregnant marcs serum 2!)re- 
parations (Antex Leo) given on 5 consecutive days, followed 
by 3 injections of chorionic hormone preparations (Physex 
Leo) given every other day. The doses of Antex have been 
1500 L U. or 3000 I. U. each day and the doses of Pliyscx 
1500 I. U. per injection. This Antex-Physex treatment has been 
repeated once, twice or three times, with an interval of one 
to several months if the effect on the ovary of a single treat- 
ment was not found sufficient to induce menstruation. 

Because of the established fact that chorionic hormone 
preparations do not give rise to the formation of antihormone 
in man the Physex-treatment has not been recorded in Table 
1. But, as pointed out in the footnote of the table, it lias to be 
remembered when assessing the results of the treatment, that 
all patients received Physex as well as Antex. 


TECHNIQUE IN INVESTIGATION FOR ANTIHORMONE 
The authors have pointed out in a recent paper, (Ham- 
burger & 0stergaard, 1949) that it is not possible to give an 
exact value or titer for the anligonadotrojdiic activity of a 
serum, because the titer found depends on the relative pro- 
portion of gonadotrophin to antigonadotropbin in llie serum. 

But under strictly standardized experimental conditions, 
using the same amount of serum to the same amount of go- 
nadotrophin as we have done throughout this investigation, it 
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is quite possible to obtain a rough estimate of the antigonado- 
trophic activity of the different specimens of serum. 

Hence the assay for antihormone has been carried out in 
the following manner: On the 21st day after the last injec- 
tion of Antex, a specimen of blood about 50 ml. is drawn from 
a cubital vein. After spontaneous coagulation of the blood, 
the serum is pipetted off. The serum and a solution of a stan- 
dardized Antex-preparation (No. 460910) were in all cases 
mixed in the proportion of 1 ml. serum to 10 I. U. of Antex. 

Groups of 5 — 12 (usually 8) immature female mice are 
injected subcutaneously with 2 or 3 different doses of this 
mixture. The animals are killed about 96 hours after the be- 
ginning of the experiment and the dose-response curves ob- 
tained for the average ovarian weight are compared with the 
corresponding curves obtained in mice treated with the Antex- 
preparation alone. The gonadotrophic activity of the mixture 
is calculated in this xvay and expressed as I. U. of Antex. 

If the gonadotrophic activity of the mixture is found to be 
about 10 I. U. per ml., (from 7 — 13 I. U.), the serum has had 
no anti- or progonadotrophic activity and has been considered 
»neutral«. If the gonadotrophic activity has been less than 
7 I. U. or more than 13 I. U. per ml., the serum specimen has 
been considered »antigonadotrophic«, or »progonadotrophic«, 
respectively. 

As test animals we have used immature female mice in 
this investigation, because at the beginning of the investigation 
we had many mice at our disposal and only a few rats. Our 
experimental protocols have shown, hoxvever, that the varia- 
tion in weight of ovaries is greater in mice than in our strain 
of rats. Using immature female rats as test animals it should 
be possible, therefore, to decrease the number of test animals 
per dose of serum and thus diminish the amount of serum 
necessary to carry out an investigation for antihormone. 

RESULTS 

Table 1 gives the results of the treatment and of the inve- 
stigation for antihormone. 
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Tabic /. 

Results of treatment and investigation for aiitiliormone in 20 cases 
of ovai’ian insufficiency. 





Treatment. 

L. 

Investigation 
for antihormone. 

Case N( 

o 

< 

Diagnosis 

(Amount 
of Antex 

I. U.)*) 

ii tc^ 

V: ClZ 

c:r - 
^ r, 

Uonatlolropliic 
activity of 

1 ml. scrum 4- 
10 I. U. Antex 

e 

•SsS 

5- S 

3 — "3 

Cu- S' 


1 




! Date 

li.u. 

■ 

1 

32 

Oligomen- 

1) Oct. 46 







orrhea. 

Secondary 

3000 I. U. 

X 5 

0 

15/11-46 

14 

progon. 



amenorrhea 

2) Dec. 46 







of 1 year’s 
duration. 

3000 I. U. 

X 5 

+ 

S/1-47 

3 

antigon. 






17/447 

8 

neutral. 




3) Fchr. 48 

3000 I. U. 

X 5 

++ 

1 S/3-48 

0 

antigon. 

2 

25 

Primary 

1) 1940 







amenorrhea. 

3000 I. U, 

+ 






Extreme insuf- 

X 5 






ficiency. 

2) Oct. 46 

3000 I.U. 

X 5 

0 

7/1146 

11 

neutral. 




3) Dec. 46 

3000 I. U. 

X 5 

0 

2.0/1246 

s 

neutral. 


““fling i„ rcsponso to Ircatmont 
some cases with an interval of 2-3 months. 
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Diagnosis 


Treatment. 
(Amount 
of Antex 

i.u.r) 


^ j Investigation 
for antihormone. 


- “ j; 
S.E = 
3~ c 

c. — 


Oonaclolrophic i 
activity of 
1 ml. serum + I 
in I. U. Antex 1 


Date I I. U. I — 


Secondary 
amenorrhea 
of 9 months’ 
duration. 


1 


Oligomen- 

orrhea. 

Now sec. 
amenorrhea 
of 15 months’ 
duration. 


Oligomen- 

ori’hea. 

Now sec. 

amenorrhea 

of 1 year’s 

duration. 

Infertile 

marriage. 


1) Febr. 48 
1500 I.U. 

X 5 

2) March 48 
1500 I.U. 

X 5 

.3) April 48 
3000 1. U. 

X 5 


1) Sept. 46 
1500 I.U. 

X 5 

2) Febr. 47 
1500 I.U. 

X 5 

3) July 47 
1500 I.U. 

X 5 


1) Aug. 46 
1500 I.U. 

X5 

2) Dec. 47 
1500 I.U. 

X5 

3) Jan. 48 
3000 I. U. 

X5 


+ 


++ 


29/6-48 

21/8-48 

16/11-48 


+ 


No I 
report 
later 


0 

0 

10 


antigon. 

antigen. 

neutral. 


+ 

' 15/3-47 

1 

14 1 progon. 

1 

1 

0 

i 

18/8-47 

I 

10 1 neutral. 


+ ; 

i 

1 

0 ! 29/12-47 


17 progon. 


+ I 30/1-48 12 i neutral. 
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1 ■ 
j 


Tieatmenl. 

1 . 

*:!: c * 

Investigation 
for antihormone. 

W i V 

a j 1 : 1 x 1 

r ■> 1 

Diagnosis 

(Amount 
of Anlex 

I. u.r) 

v: c ^ 

(ionndotropliic 
ai'livity of 

1 ml. si-nim -f 

10 I. U. Anlex 

•Is! 

5-2 .= 

1 

i 



1 

1 

Hate |l.U. 



38 


Socondarj' 
amenorrhea 
of 6 months’ 
dur<ation. 


7 i 20 


Primary 

amenori’hea. 

Hypometa- 

bolism. 

Extreme insuf- 
ficiency. 


16 


1) April 48 
1500 I.U. 

X 5 

2) May 48 
3000 I. U. 

X 5 

3) June 48 
1500 I. U. 

X 5 


1) April 48 
1500 I. U. 

X 5 

2) May 48 
1500 I. U. 

X 5 

3) Aug. 48 
3000 I. U. 

X 5 


meno-me- 

trorrhagia. 


1) Dec. 47 
j 1500 I. U. 

I X 5 
j 2) April 48 
I 1500 I. U. 

X 5 

3) June 48 
1500 I. U. 

X 5 


H — h 


4/G-4S 


3/7-18 


0 1 1 S/5-48 

1 0/0-4 S 


0 


17/0-48 

21/11-48 


+ ! 

I 

J 

+ I 

I 

-j-4- >21/7-48 


neutral 


0 antigon. 


10 progon. 

i 

10 


0 

10 


neutral. 


antigon. 

neutral. 


antigon. 
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■ 


Treatment. 

n 

Diagnosis 

(Amount 
of Antex 



I. U.)*) 

IBI 



„ “r- 

3 =.c 

b tci 

n 

•S 0) 
^ C3 fc* 


Investigation 
for antihormone. - 

Gonadotrophic 
activity of 

1 ml. serum 

10 I. U. Antex 

= c ■ 
.2 0 « 

P »Q ‘m 

> 0 M 

W cr. 

Date jl.U. 

1 


20 


Oligomen- 

orrhea. 

9—16 months’ 
interval. 
Extreme insuf- 
ficiency. 


10 


26 


11 20 


Oligomen- 

orrhea.. 

Infertile 

marriage. 


Oligomen- 

orrhea. 


1) Febr. 46 
3000 I. U. 

X 5 

2) March 46 
3000 I. U. 

X 5 

3) May 46 
3000 I. U. 

X 5 

4) Sept. 46 
1500 I.U. 

X5 


1) 31/7-4/8 48 
1500 I.U. 

X 5 

2) 27/8-31/8 48 
1500 I.U. 

X 5 

3) 21/10-25/10 41 
1500 I.U. 

X5 


1) Oct. 46 
1500 I.U. 

X5 

2) Dec. 46 
1500 I.U. 

X 5 


+ 

+ 

0 


14/6-46 

5/10-46 


+ 


under 

obser- 

vation 


+ 


21/9-48 

21/10-48 

8/11-48 

15/11-48 

16/12-48 


antigen. 

antigen. 


25/8-48 16 


15 

18 

10 

6 

20 


9/11-46 13 


-l-f 10/1-47 8 


progon. 


progen. 

progon. 

neutral. 

antigen. 

progen. 


neutral. 


neutral. 



Case No. 
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12 


13 


14 


15 


CD 

< 

Diagnosis 

Treatment. 
(Amount 
of Antex 

I. U.)*) 

20 

Secondary 

1) Nov. 46 


amenon’bea 

1500 I.U. 


of 1 year’s 

X5 


duration. 

2) Dec. 46 

1500 I.U. 

X5 

3) Jan. 47 

1500 I.U. 

X 5 

22 

Primary 

1) j\Iarch 47 


amenorrhea. 

3000 I. U. 


Hypometa- 

X 5 


holism. 

2) Sept. 47 


E.xtremo insuf- 

3000 I. U. 


ficiency. 

X 5 

24 

Oligomen- 

1) April 48 


orrliea. 

1500 I. U. 

X 5 

2) May 48 

1500 I.U. 

X 5 

26 

Secondary 

1) Sept. 47 


amenorrhea 

1500 I. U. 


of 6 niontbs’ 

X 5 


duration. 

2) Oct. 47 


Infertile. 

1500 I. U. 

X5 


2i 

5 CS ‘ 
i3 M' 

S:§: 

*— Cl . 
« 


+ 


+ 


Investigation 
for antihorinone. 


Gonadotrophic 

nctivily of 
1 nil. scfuni + 
10 I. U. Anlex 


Date 


(-f) 5/4-17 


4/10-47 


++ 




PrcR- 

nant*’*) 


I. U. 


19/12-46 3 


lS/1-47 


6/10-47 

15 

3/11-47 

10 


= — c 

= 52 

K ° E 
3 = -3 


antigon. 


antigon. 


12 i neutral. 


antigon. 


10/G-4S 13 


neutral. 


progon. 


neutral, 
(conception 
about 15/10) 


***) 16/6 48 parturition, twins, otherwise normal deliverj'. The nor- 
mal infants, a boy and a girl weighed 2800 gm. and 2600 gm. 
and were thought to be about 3 weeks premature. 
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. i i 


'rreatuuMil. 

i 

. ^ ♦ 

Inve.sligation 
for anlihonnone. 

'Tr 1 

o ; ! 

S ) ?£ i 

Diapno.sis 

(.\nu)unl 
of Anlex 

1. U.)*) 

. h 

‘■f- c s 

- c:s z 

\ 

(ioiKulolroptiic 
iiclivity of 

1 ml. scrum + 
to I. U. Aiilcx 

r 5 5 

K 0 S 

K. t 

' i 




Dale !l.l!. 

'S'' f 


Hi 21 : S(‘(’()inlary 
; jutKMiorrlu'a 
j of 15 nioiitlis’ 
I ' duration. 


1) Xov. 17 
1500 l.U. 




17 


10 tlliiionu'ii- 
orrli(‘:i. 


IS 


20 Primary 

amonorrlioa. 
Ilypomcta- 
linlism. 


2) Doc. 17 
1500 l.U. 


1) .Inly IS 
1.500 l.U. 

X 5 

2) .Nufi. IS 
1500 l.U. 

X 5 

1) .Mig. IS 
1.500 l.U. 

X 5 

•’) S(‘pt. IS 


i 0/1-18 


ICxlrcmo insuf- 5000 l.U. 


firioiiry 


10 27 Soroiidary 

ainonori’lioa 
of 0 niontli.s' 
duration. 


20 ! 10 ; Olipomcu 
1 orrlioa. 


X 5 


1) 20/o-:i/io IS 

5000 l.U. 

X 5 

2 1 Dor. IS 
1500 l.U. 

X 5 


1) Xov. 10 
1500 l.U. 
X 5 


0 

L'niti’r 

vnlion 


5/1-10 


1. 1/8-18 10 


10/0-18 10 

' 0/10-18 10 


0 ,27/8-18 

1 

i 

0 1 21/0-18 
I 0/10-18 
22/2-10 

I 

1 25/10-18 


antigon. 


neutral. 


progon. 

neutral. 


neutral. 


0 

0 

13 


15 


antigon. 

antigon. 

neutral. 


progon. 


antigon. 


+-(- ! 10/12-16 12 


neutral. 
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Case 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, were treated with 3 courses 
of Antex+Physex; case 9 received 4 such courses of treatment. 
As a result of the treatment case 1, 3, 5, 6, 8, menstruated and 

had their menstrual cycles restored. 

Case 11, 13, 14, 15, 16, 17, 18, 19 were treated with 2 courses 
of Antex+Physex. Case 11 , 14, 15, 16, 17, henefitled by the 
treatment and had their menstrual cycles restored. Case 16 
became pregnant as a result of the treatment. Case 20 had 
her menstrual cycle restored after one treatment nilh Antex 
+ Ph 5 'sex. 

In all, 10 of the 20 patients benefitted from the treatment. 


A total of 51 treatments with Antex + Pliysex resulted in 
31 menstrual bleedings occurring at the usual and expected 
time, 2 — 3 weeks after the last injection of Antex. 

A total of 48 siiecimens of blood have been investigated. 
37 of which are given in Tal)Ie 2. Eleven of the blood exami- 
nations have been undertaken after 1 course of Aniex-trent- 
ment. Five of these specimens .showed a progonadotrophic, 5 
a neutral and 1 an antigonadotrophic activity. 

Sixteen blood specimens were examined after 2 courses of 
Ant ex-treatment. Three of these specimens were progoniido- 
trophic, 7 neutral and 6 antigonadotrophic. 

Ten specimens were examined after 3 courses of Ant ex- 
treatment. None of these specimens were progonadotrophic, 3 
were neutral, and 7 were antigonadotrophic. 

Hence the formation of antihormonc has been observed in 
1 out of 11 cases after one treatment, in 6 out of 16 after 2 
treatments and in 7 out of 10 cases after 3 treatments. It is 
thus obvious that an increasing number of Antex-treatments 
inci cases the probability of the treatment resulting in the for- 
mation of antihormone. 


On the other hand, the presence of progonadotrophic sera 
is most often found after the first treatment, a few times after 
the second treatment and not at all after the third treatment. 
It appears that in some cases a period of progonadotrojdiie 
activity of the serum is usually a preliminary to the later de- 
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velopment of antigonadotrophic activity. Cases 1 7 in lo 
illustrate this fact. ’ ’ ’ 

The question as to how long after its first appearance anti- 
hormone can still be found in the blood has been answered in 
cases 1, 3, 7, 10, 18, in which it was found to have disappeared 
from the blood in 3 — 5 — 2 — 1 and 5 months respectively. 


Table 2. 

Survey of results of investigation for antihormone in 20 cases. 


Number of 
Antex-treatments 
before the 
blood specimen 

is drawn. ! 

1 

Number of blood specimens 
showing the following activity. 

Total 

number of 
blood 
specimens. 

progonado- | 
(fophic ; 

neutral 

i 

anligonado- 

trophic 

1 

5 

5 

1 > 

1 

11 

2 

3 

7 

i 0 

16 

3 

0 

3 

7 

1 

10 


DISCUSSION 

It is obvious from this investigation that even short courses 
of Antex-treatment may result in the formation of antihor- 
mone, particularly if such short treatments have been re- 
peated. In his former investigations Qstergaard (1942) was 
unable to find antihormone in patients treated in this way, 
but this may be due to the fact that he only investigated 10 
cases after one short period of treatment, and 4 after two 
courses of treatments, and that the investigation for antihor- 
mone was undertaken too early, namely 2 weeks after the last 
injection of Antex as against 3 weeks after the last injection 
in the present work; this, possibly, together with the small 
number of cases investigated after two courses of treatments 
may explain the earlier negative findings. 

From the present work it appears that one short Antex- 
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treatment can be given almost without any risk of antihor- 
mone formation, but even after 2 short periods of Antex- 
treatments the probability of finding antihormone in the blood 
of patients is about 33 per cent and that with increasing num- 
bers of courses of treatment the incidence of antihormone 
formation increases considerably. Any injection of Antex 
given at a time when the blood contains antihormone against 
Antex must he regarded as almost useless, besides which it 
will further increase the formation of antihormonc. 

Table 1 gives some information on this point. It is possible 
that the failure of the treatment No. 3 and 4 in case 9 and of 
treatment No. 3 in case 12 is due to the presence of antihor- 
nione at the time of treatment. In case 19 it is not unlikely that 
the progonadotrophic activity found in the blood in October 
bad changed to antigonadotrophic in December, when the se- 
cond and unsuccessful treatment was given. 

On the other hand case 1, 3, 6, 8, 16 illustrate tliat a se- 
cond or third treatment may give rise to the formation of 
antihormone at a later period and yet result in menstrual 
bleeding occurring at a time when the blood contains anti- 


hormone, showing that this antihormonc has not interfered 
with the occurrence of later spontaneous menstruations in 
these cases. This is in agreement with the findings of Row- 
lands & Spence (1939) and Ostergaard (1942), who showed 
that the specific antihormone against Antex did not inhibit 
human hypophyseal or chorionic gonadotrophin. Neither did 
in inhibit hypophyseal gonadotrophin from other sources. 

The treatment of ovarian insufficiency is not the main 
subject of this work. Yet, a brief comment on our results of 
treatment seems to be ap])ropriate. With a rate of cure of 


50 per cent we are in agreement with the earlier published 
results of Rydberg (1939), Rydberg & Ostergaard (1939). 
Rydberg & Pedersen-Bjergaard (1943), who used this same 


type of treatment. Our doses of Antex have in many cases 
been only half those used by the above-mentioned authors; 
we have found it more suitable to use this low'er dose in young 
patients with presumably mild ovarian insufficiency. In our 
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tin- I(nv<-r <I<is:ij'o has hcen at least as effective as Die 
which has been used in sonic of the cases. lUit 
this nalurally dejtends on tlie tyjie of case; n of our cases were 
classified as extreme insufficiency in ^Yhic.h not even the large 
di.scs were aide to hrinf* about a menstrual cycle. It is qucsl- 
imiahh* whether gonadotrophic hormone is an adequate re- 
medy in such <-ases of ovarian insufficiency in which the re- 
ceptor organ, i. c. the ovary has obviously lost or never has 
had any ability to react to gonadolroidiins. 

thir invcsligaliniis does not allow of any definite stalcincnt 
as to tlie ratio of thisage to incidence of formation of anlihor- 
mone. 'rite fact. Imwever. that antihormone was formed in 75 
per cent of the patients treated with the large doses as .'igainsl 
of) per cent of the p.itients treated witti smaller doses, sug- 
gests that the dosage may he of importance in this respect. 

'I'o get a fair ojtinion of Die value of gonadotrophic lior- 
mones in the Ire.itmeul «)f ovarian insufficiency it is imporlnnl 
to choose only such eases as are suited to this form of treat- 
ment and to consider the complication resulting from the for- 
mation of anlihormoiu*. I’urlhermore tin* Antcx-trcalincnt 
<iught md t<i he gi\cn at a lime when antihormone is already 
presiml in the blood. 

'I’reatment with gonadotrophic hormone is esjiecially in- 
dicated in infi'i lilily due to ovari.in insufficiency. 'I'lirce of our 
eases were of this category: (me of them heeame jtregnant as 
a result (»r the treatment. liitillu'rff S' Madsen have 

pul>Hshed several similar eases. 

'I'lie jtraetieal eonseipienees and conclusions of the present 
work can he staled as follows: 

If a ease of ov.arian insufficiency is found suitable for this 
f<.rm of treatment with AuIcx-t Physex. a single course of 
trc.'ilmcnl will often suffice to produce a cure. 

Should a second Irealmonl be necessary this can he given 
without much risk that formation of antihormonc will inlcr- 
fere with Ihe ('ffeet of this Ire.'itmcnl, 

In cases where further treatment is desirable the blood 
ought to he examined for the presence of antihormonc against 
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Antex, and when present, the treatment should be postponed 
until the antihormone has been eliminated from the blood. 
Or, one could choose another gonadotrophin for further treat- 
ment, e. g. chorionic gonadotrophin or a combination of this 
hormone with hypophyseal extract (e. g. »Synapoidin«) . 


SUMMARY 

Twenty women complaining of different degrees of ovarian 
insufficiency received a combined treatment with pregnant 
mares’ serum gonadotrophin (Antex, Leo) and chorionic go- 
nadotrophin (Physex, Leo). 

The treatment consisted of daily injections of 1500 I. U. 
(or 3000 I. U.) of Antex for 5 days followed by 3 injections of 
1500 I. U. of Physex given every other day. If further stimu- 
lation of the ovaries was found advisable, the Antex + Physex- 
treatinent was repeated once or twice after intervals of from 
one to several months. 

Fifty-one such treatments resulted in 31 menstrual bleed- 
ings. Ten of the 20 patients continued to menstruate spon- 
taneously after cessation of the treatment. 

In all the 20 patients the blood was examined once or se- 
veral times for the presence of anlihormone against Antex. 
Usually this assay was performed on the 21st day after the 
last Antex injection. 

Antihormonc against Antex was found in the blood in 1 
out of 11 cases after one course of treatment, in 6 out of 16 
cases after two courses of treatment and in 7 out of 10 cases 
after three courses of treatment. 

The antihormone disappeared from the blood in from 1 to 
5 months. In 4 of the cases the blood showed a progonado- 
trophic activity after the first or second treatment and an 
ahtigonadotrophic activity after later treatments. 

The practical consequences of these investigations for the 
treatment of man with pregnant mares’ serum gonadotrophin 
are discussed. 


11 * 
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From tlic author’s private practice and 
the Eira private hospital, Helsingfors. 

THE THIOURACIL DERIVATIVES AND 
THEIR USE*) 

BY 

.JOHANNES WAHLBERG 

We know front exiteriencc that new therajientic methods 
often at first give rise to unfounded enthusiasm. Indications 
for their application are given too widely, until experience 
leads to a more cautious view. This has also been found to 
apply to the subject of the present paper, i. e. the Ihiouracil 
derivatives and their use. 

Thiouracil and its derivatives are the most important of 
the goiterproducing substances, whose ability to su]>press the 
secretory activity of the thyroid can be used in practice in the 
treatment of thyrotoxicosis. 

Before the introduction of thiouracil into clinical use at 
the beginning of the present decade, iodine was the only drug 
which could influence the course of thyrotoxicosis. It is known, 
however, that not all cases of thyrotoxicosis react favourably 
enough to iodine, to make it possible to operate safely. This 
is especially true of those cases in which thyrotoxicosis has 
developed following the administration of iodine or where the 
condition has deteriorated during a course of iodine therapy. 
Compared with iodine therapy, however, thiouracil has the 

) Read before the meeting of the Pinnisli Socictv for Endocrino- 
logy on November 30, 1948. 
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advantage that in practically everj' case it eliminates all the 
symptoms of thyrotoxicosis with the exception of the eye 
symptoms. It is thus possible to change thyrotoxicosis into 
euthyreosis, and, if the dosage is sufficiently high and the 
period of treatment long enough, into hypothyreosis and myx- 
oedema. The effect becomes apparent more slowly than with 
iodine, but is more stable and lasts for as long as the treat- 
ment is continued. There is thus less difficulty in the pre- 
operative treatment of cases with severe heart failure which 
require prolonged treatment with cardiac drugs in order to 
prepare the patient for the operation. The same applies too 
to other severe forms of the illness. In Finland the reaction 
to iodine in cases of thyrotoxicosis is as a rule rapid and 
satisfactory, allowing the operation to he carried out safely. 
It is, as a rule, preferable to avoid thiouracil therapy when 
it is not absolutely necessary. Hence iodine should be used 
in the preoperative therapy of all mild and moderate cases, 
while thiouracil should be reserved for severe and complicated 
cases. 

Cases which have previously beeh treated with iodine react 
more slowly to thiouracil. The same is true of thyrotoxicoses 
with nodular goitre, Avhich is the common tjq^e of the disease 
in this country. However, in both of these cases the full ef- 
fect is obtained if the treatment is continued long enough. 

Thiouracil suppresses the thyroid activity and finally 
eliminates thyrotoxicosis bj' preventing the utilisation of 
iodine for the synthesis of the thyroid hormone. With the 
suppression of the thyroid activity, the thyrotrophic effect 
of the adenohypophysis will increase. This causes an increase 
of the hyperplasia in the thyroid and also of the hyperemia, 
which may be sufficient to cause serious technical difficulties 
in the operation. Since thiouracil therapy does not prevent 
the usual effect of iodine, i. e. reduction of hyperplasia and 
hyperemia in the thyroid, this disadvantage is eliminated, to 
some extent at least, by the simultaneous administration of 
iodine. American investigators have lately started using iodine 
in addition to thiouracil during the whole of the preoperative 
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period of treatment, and not merely towards the end, as was 
formerly the case {Bartels, 1948). I have recently used thi. 
method myself. The thiouracil medication is stopped on th 
day of operation, the iodine therapy being continued until 
the postoperative reaction subsides, when it should be im 
mediately discontinued in order to avoid the development o 
hypotliyreosis. 

The danger that thiouracil therapy might cause enlarge 
ning of the thyroid is less in the relatively short preoperativ 
treatment than in a more prolonged period of medication, an 
it is also smaller when the dosage is kept relatively low. I hav 
encountered this complication only in one case in which th 
patient had been treated with thiouracil for a long time an 
finally operation became necessary on account of pressur 
s 5 'mptom and thyrotoxicosis. In cases of low cervical or intra 
thoracic goitres, however, increased pressure sjmiptoms maj 
occur even in the preoperativc treatment. 

Another complication, which ought to be mentioned, i 
exophthalmos and other »thyroioxic« eye symptoms, associate 
with prolonged thiouracil medication. It is known that the ey 
symptoms differ from all other thyrotoxic symptoms in thei 
ability to appear and disappear quite independently of th 
other features of the disease. According to current views, the 
are probably due to the action of thyrotrophin secretion or t 
some other humoral action of the adenohypoidiysis. It wa 
mentioned earlier that increase of the pituitary thyrotrophi 
action plays an important role in the effects produced b 
thiouracil. In my opinion this could explain the relativel 
frequent occurrence of exophthalmos etc. in connection witi 
prolonged thiouracil therapy. 

The chief disadvantage, however, is the undoubted toxicit 
of thiouracil which in some cases gives rise to undesirabl 
complications such as »drug fever «, headache, vomiting an 
diairhoea, various skin affections like urticaria, sclerodernii 
and exfoliative dermatitis, enlarged lymph glands in the nec 
and swollen salivary glands, conjunctivitis, arthropathie 
edema in the lower extremities, neuritis and psychoses, an 
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indications of kidney and liver injury. Even more important, 
however, is the fact that thiouracil, as well as the derivatives 
so far synthesised, have marked toxic effects on the bone mar- 
row which, in sensitive patients, may cause granulocytopenia 
and even agranulocytosis, thereby endangering the patient’s 
life. Anyone who, like myself, has seen an acute agranulocy- 
tosis develop during careful clinical observation, is not likely 
to forget this danger. That frequently repeated examinations 
of the blood may not eliminate this danger, is illustrated by 
my case, in which the blood picture was quite normal on the 
day before the onset of agranulocytosis. The risk, however, 
becomes less when thiouracil medication is begun clinically, 
and continued as outpatient with lower doses, but experience 
has nevertheless shown, that agranulocytosis may develop at 
any stage of thiouracil therapy and independently of the do- 
sage. The patient can of course be w'arned to discontinue the 
medication at once, if he observes symptoms such as a rise of 
body temperature, sore throat and mouth, or swollen lymph 
glands in the neck. However, this requires a certain amount of 
intelligence and observation on the part of the patient, and 
ideal co-operation with the physician, which can rarely be de- 
pended on. Thiouracil therapy, without a subsequent opera- 
tion, may be successful!, since it has been showm that the hy- 
perplasia of the thyroid epithelium has a tendency to become 
involuted during the treatment {Frisk, 1947) and the therapy 
can be stopped without a relapse of the disease. In this respect 
thiouracil medication differs from iodine therapy without 
subsequent operation. The latter is successful in only a few 
exceptional cases and usually leads to various complications. 
On the other hand, thiouracil therapy must be continued for 
months or even years, and must therefore even if only for 
economic reasons, be largely carried out as outpatients. For 
reasons already explained, outpatient thiouracil medication 
involves in my opinion such grave dangers for the patient that 
I consider it is contra-indicated in all but exceptional cases. 
It is evidently much more dangerous than prolonged out- 
patient medication with amidopyrine, and it might w'ell be 
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asked whether any conscientous physician would take this 
responsibility. As will be described later, my experience has 
shown that hypersensitivity to thiouracil probably is greater 
in Finland than elsewhere, and this too calls for caution. In 
the latest reports from the USA there is a definite tendency 
for increased caution in the treatment of thyrotoxicosis with 
thiouracil derivatives alone, without subsequent operation 
{Bartels, 1948, Berlin et al., 1948, Lockwood, 1948). This 
change of opinion is partly due to the comparatively large 
number of deaths from agranulocytosis, of which Cope, has 
reported 27. Another reason is that distinct histological and 
biological signs of malignant degenerative changes in the 
thyroid epithelium in connection with prolonged administra- 
tion of thiouracil have lately been observed not only in animal 
experiments [Money & Raivson, 1948) but also in man [Money 
& Rawson, 1948, Purves & Griesbach, 1947, Berlin et ah, 1948, 
a. o.) 

Ever since it became apparent that administration of thiou- 
racil and its derivatives involves the risk of agranulocytosis 
and thus endangers the life of the patient, attempts have been 
made to synthesise a derivative possessing a maximum anti- 
thj'rotoxic effect combined with a minimum injurious effect 
on the bone-marrow. Of the derivatives so far tested, niethyl- 
and 6-propylthiouracil have been found to satisfy these re- 
quirements best. Both of these drugs are now ohtainahle in 
Finland (Methylthiouracil, Medica; Meturasil, Orion; Propyl- 
thiouracil, Medica). Opinions have differed as to which of 
these two compounds is to be prefered, hut it seems that the. 
question is now settled in favour of propjdthiouracil, espe- 
cially since Boriels (1948), one of the foremost authorities in 
this field, having extensive material available at the Lahey- 
Clinic, concluded that the frequency of toxic reactions was 
10 per cent Avith methylthiouracil, as compared Avith only 2 
per cent Avith propylthiouracil. In a paper presented to the 
Congress of Internal Medicine in Copenhagen last summer, I 
came to a similar conclusion on the basis of my oAvn material. 
Since then I have had further experience Avhich supports this. 
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view, as will be seen below. That even propylthiouracil may 
cause granulocytopenia and agranulocytosis is now certain 
iCrile, 1947, Bartels, 1948). The material described below 
shows that there are not only cases in which methylthiouracil 
has a deleterious effect on the blood, and in which propyl- 
thiouracil is well tolerated, but also cases in which the reverse 
is true, propylthiouracil being injurious and methylthiouracil 
harmless. Thus, I have observed two cases of granulocytope- 
nia, which developed during methylthiouracil therapy while 
propylthiouracil was harmless and conversely one case of 
hemorrhagic diathesis following propylthiouracil treatment 
while methjdthiouracil was safe. For the time being, we may 
conclude that propylthiouracil is definitely to be prefered 
though methylthiouracil should also be available. 

Williams et al. (1948) have quite recently published their 
first results with iodised thiouracil, a preparation which seems 
to combine the thorough effect of thiouracil with the rapid ac- 
tion of iodine on the thyrotoxicosis syndrome. The results ap- 
pear to be better than those obtained with these two substan- 
ces, used either separately or together. 

At present we must make up our minds about two ques- 
tions : which of the two derivates, methyl- or propylthiouracil, 
should be used and what are the indications for their use with 
particular reference to the local conditions in Finland? 

I have tried to answer these questions in earlier papers 
{Wahlberg, 1946, 1947, 1948), some of which are still un- 
published, on the basis of my own material. This material is 
still not very extensive but should together with other wor- 
kers’ reports and generally acknowledged facts lead to some 
conclusions on the type of treament to be followed. 


MATERIAL 

My material consists of 65 cases, all of which I have exa- 
mined personally. In 55 of these cases thiouracil therapy was 
given, or its use continued, on my advice. The remaining 10 
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cases had been treated earlier by other physicians. Some of 
these cases came to me after the thiouracil medication had 
been stopped, while the others were sent to me whilst under 

treatment. 

The longest period of observation is only two years and 
two months. Four cases are at present receiving treatment. 
Methyl- as well as propylthiouracil treatment was used in 5 
cases. 

The maximum dose of methylthiouracil has usually been 
0.4 gm. or of propylthiouracil 0.2 gm. per day, administered 
in several doses during the day. During the last six months, 
however, the daily dose of propylthiouracil has in most cases 
been 0.3 gm. 

4 cases were treated as outpatients only while in 5 cases 
the treatment was continued as outpatients with a lowmr do- 
sage, after it had been begun as inpatients. All these cases 
were treated at a time when I was not yet convinced of the 
dangers of ambulatory therapy. It may be mentioned here that 
in 5 out of these 9 cases complications occurred during the 
outpatient treatment, so that in 3 cases the treatment had to 
be discontinued and in 2 cases the preparation changed. 

Ten cases have been treated preoperativcly. Of these, 7 
were very severe cases of thyrotoxicosis with severe chronic 
heart failure, including two cases of auricular fibrillation, one 
with bundle branch block, one with advanced bronchial asth- 
ma and one with a very recently healed, bilateral pulmonary 
tuberculosis; in 4 out of these 7 cases thyrotoxicosis had de- 
veloped during iodine therapy. As regards the remaining 3 
cases, thiouracil medication had been started in two cases by 
another physician and continued after I had been consulted; 
in my opinion, there was no indication in either of these cases 
for a preoperative thiouracil medication. In the last case of 
this group, the patient had been discharged from the hospital 
by another physician after two months treatment, and in- 
structed to continue the treatment as outpatient, which was 
done for several months without any control. When I was 
consulted the patient had a large goitre with pressure symp- 
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toms which had developed during the treatment and which, 
together with persistent thyrotoxicosis, were indications for 
operation. 

In all cases treated preoperatively the result was favour- 
able. In one of the patients who had auricular fibrillation 
which persisted after the operation, a fatal embolism of the 
brain occurred after a satisfactory convalescence which was 
entirely free from complications. This patient had for several 
years suffered from severe heart failure and auricular fibril- 
lation. During the preoperalive treatment the heart was com- 
pletely compensated and all clinical symptoms disappeared 
except the fibrillation. I can see no reason to assume that 
there was any causal connection between the embolus and 
the preoperative treatment or the operation. 

Complications were seen in 15 cases out of- 65, i. e. in nearly 
25 per cent, which is an unusually high proportion. 

During the methylthiouracil treatment complications oc- 
curred in 11 cases out of 24, i. e. in almost 50 per cent of the 
cases. These included one case of acute agranulocytosis, which 
developed during inpatient treatment in spite of careful ob- 
servation. The patient recovered with penicillin administrat- 
ion. There were also two cases of granulocytopenia which sub- 
sided when treatment was continued with propylthiouracil. 
Still another case deserves to be especially mentioned. After 
treatment for one day with methylthiouracil, massive, soft 
edema developed in the patient’s legs. The treatment was dis- 
continued and the edema disappeared .Another trial with me- 
thylthiouracil was made a week later, and edema promptly 
reappeared, to disappear again immediately treatment was 
stopped. It did not appear again when treatment was con- 
tinued with propylthiouracil. After treatment was completed, 
the patient became symptom-free and has had ho relapse in 
the ensuing year. 

On the other hand, out of 46 patients treated with propyl- 
thiouracil, only 4, i. e. less than one-tenth, had complications. 
These included one case of hemorrhagic diathesis with pro- 
longed coagulation time and lowered prothrombin index; all 
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symptoms subsided when the treatment was continued with 
methylthiouracih One case developed colitis after two days’ 
treatment with propylthiouracil. The patient became symp- 
tom-free when the therapy was discontinued but with propyl- 
thiouracil immediately became ill again. The medication was 
then definitely stopped, but the colitis persisted for a month 
Avith fairly grave symptoms and with changes in the colon 
ivhich could be demonstrated by X-rays, 

I have mentioned in earlier papers {Wahlberg, 1946, 1947, 
1948) that I have tried to shorten the period of thiouracil 
treatment and, at the same time, to intensify the' effect and 
avoid outpatient treatment, by a combination of inpatient 
therapy with thiouracil and X-rays for a j^eriod of one month. 
This series now consists of 37 cases of which 4 are still under 
treatment. The patients first received thiouracil for a few 
days and, when the symptoms of thyrotoxicosis had subsided. 
X-ray therapy was begun. This has consisted of 8 radiations 
of altogether 1.100 r,. The X-ray treatment has been tolerated 
particularly well, and without a single marked reaction. The 
thiouracil therapy has been continued throughout the stay in 
hospital for about 4 weeks. At the beginning, an attempt was 
made to continue the treatment as outpatients with lower do- 
ses but it had to be abandoned on account of complications in 
3 successive cases. Hence this treatment was stopped when 
the patient was discharged from hospital and has been used 
only on inpatients for almost two years. The patients have 
been examined 2 to 3 months later and, when necessary, have 
received one or two courses of X-ray therapy either in hospital 
or as outpatients, and with or without thiouracil depending on 
circumstances. Also in these cases thiouracil has not been 
used in outpatients for the last two years. Such complemen- 
tary X-ray treatment has hitherto been necessary in 6 cases 
out of the 37. In one case one course was used, in two cases 
two and in one case three courses; all these cases were treated 
in the period: autumn 1946 — ^winter 1947, when the trials with 
a combined thiouracil-X-ray therapy were begun. In order to 
increase the effect and to reduce the need for such comple- 
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mentary X-ray therapy the dosage of X-rays has recently been 
increased to 10 exposures of altogether 1800 r. 

The results of the inpatient treatment with thiouracil and 
X-rays are encouraging. Of the 37 cases treated, 23 became 
completely symptom-free and 5 showed definite improvement, 
while the result was uncertain in 2 cases, and unsatisfactory 
in 3. Four cases are undergoing treatment at present. 

Although the material is small and the period of observa- 
tion short. I feel, that the procedure I have proposed rests 
on sound premises. The thiouracil medication is at present ex- 
clusively reserved for inpatients which thus tends to reduce 
its disadvantages to a minimum. By giving the patients thiou- 
racil first for a few days prior to the X-ray therapy, tolerance 
to this treatment is increased. It is even possible that the ex- 
treme hyperplasia in the thyroid epithelium, brought about by 
the thiouracil therapy, produces a favourable condition for the 
effect of X-ray. Finally we have here another example of the 
simultaneous application of tw’o agents with a wholly dissimi- 
lar effect on the disease. Experience has shown that such pro- 
cedures may have a favourable effect on the result. 

My impression of the 37 cases treated up to the present is 
very favourable and in my opinion this procedure might well 
be recommended as a standard method for the treatment of 
thyrotoxicosis with thiouracil without a subsequent operation. 

The indications must be strictly adherred to: operated 
cases with subsequent relapsing or persisting thyrotoxicosis, 
where there are no indications for a new operation, and un- 
operated mild cases in which goitre is absent, or small and 
diffuse, or contains only small, soft nodules. 

Several trials have been made on the value of thiouracil 
therapy in cases of cardiac or coronary insufficiency in the 
absence of thyrotoxicosis. The idea has been to lighten the 
burden of the heart by reducing the thyroid activity. My ma- 
terial includes a case of chronic myocardial injury where a 
progressing heart failure caused difficulties in the treatment. 
The result of a 4 weeks’ therapy with propylthiouracil and 
X-rays in the manner described above were completely satis- 
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factory: there have been no untoward symptoms of hypothy- 
roidism, and the patient has remained fully compensated for 
over a year with a small dose of digitalis, which prior to the 
treatment was not sufficient. 

There was also a case of severe coronary insufficienty, in 
which the patient became completely symptom-free. She had 
been operated on 8 years previously for thyrotoxicosis but 
there were no definite residual symptoms of this disease, nor 
was there any relapse of the goitre. 


CONCLUSIONS 

In conclusion, I wish to mention those indications which, 
in my opinion, should he followed for thiouracil therapy in 
Finland. These indications are based on my personal expe- 
rience as well as on the work of other investigations and on 
generally acknowledged facts. 


1. As preoperativc treatment in 

1. cases which do not react satisfactory to iodine. 

2. cases which a priori seem unsuitable for iodine therapy, 

as for instance: 

a. cases in which thyrotoxicosis has developed in con- 
nection with iodine treatment. 

b. cases, where the course of the illness has taken an 
unfavourable turn during the iodine treatment. 

c. cases of severe thyrotoxicosis with severe heart fail- 
ure, in which the preoperative therapy must neces- 
sarily include prolonged treatment wdth cardiac 
drugs (»thyrocardiacs«), and 

d. other severe cases in wdiich the prospects of pre- 
paring the patient for operation solely with iodine 
seem poor. 
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11. As independent therapy in 

1. cases of recurrent or persistent thyrotoxicosis following 
a lege artis operation, where there are no indications 
for a new operation. 

2. mild cases in which goitre is absent or small and dif- 
fuse, or contains only small soft nodules, and 

3. possibly also in those extremely rare cases where ope- 
ration cannot be performed for one reason or another. 


SUMMARY 

1. Cases of thyrotoxicosis with nodular goitre are general- 
ly not suited for treatment with thiouracil derivatives 
as the only therapy. 

2. Thiouracil medication should he used only for inpa- 
tients with rare exceptions. 

3. Inpatient thiouracil treatment, combined with a simul- 
taneous X-ray therapy for about one month can be re- 
commended, provided that the above indications are 
observed. 

4. In preoperative thiouracil therapy, iodine should be 
administered simultaneously throughout the treatment. 
After the operation the thiouracil treatment is im- 
mediately stopped, and the iodine therapy stopped as 
soon as the postoperative reaction has subsided. 

' 5. Propylthiouracil is definitely prefered, but methyl- 
thiouracil may he tried in those cases in which propyl- 
thiouracil therapy leads to complications. 

6. Treatment \vith thiouracil derivatives should only be 
used when other methods fail. 
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RENAL CRISES FOLLOWING THE EXTIRPATION 
OF PARATHYROID ADENOMATA 

BY 

NILS TORNBLOM 

In this paper a case of generalised osteitis fibrosa is de- 
scribed. The patient was for a time treated with stilboestrol, 
apparently with some success, but ultimately died following 
the operative removal of a parathyroid adenoma, showing 
signs of tetany and uremia. The author discusses the possible 
effects of stilboestrol. A review is also given of those crises 
which may occur following the removal of parathyroid adeno- 
mata, and attempts are made to analyse the cause of these 
crises, and particularly of the oliguria and the changes as- 
sociated with it. 

The case was typical of generalised osteitis fibrosa with 
skeletal changes, raised blood calcium, low^ered blood phos- 
phorus, polyuria and increased excretion of calcium and phos- 
phorus in the urine. The patient -was operated on twice with- 
out definite parathyroid adenoma being found and without 
improvement in her condition. It was therefore considered 
justifiable to attempt to help the patient by trying another 
line of treatment. 

In cases of hyperparathyroidism there is either an adenoma 
in one or more of the parathyroid glands or a diffuse hyper- 
plasia of several glands {Castleman & Mallory, 1935, 1937). 
Patients with several adenomata or hyperplasia of several 
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glands are unusual. Cope (1941) found hyperplasia in 10 per 
cent of a series of 60 cases submitted to operation. The oc- 
currence of changes in several of the glands has given rise to 
discussion as to whether the change in the parathyroids are 
caused by an alteration in some factor w’hich has a controlling 
action over the parathyroid glands. 

Mellgren (1943, 1945), Mellgren et al (1946) and Wilton 
(1945, 1946) have observed characteristic histological changes 
in the anterior lobe of the hypophysis in cases of hyperpara- 
thyroidism and have thus given substance to the suggestion 
that hyperparathyroidism may be caused by a change in the 
hypophysis. It has been thought that an increased amount of 
parathyrotro])hic hormone might he formed in the anterior 
lobe of the hypophysis in such cases. Wilton considers that 
certain cases of generalised osteitis fibrosa are due to over- 
function of the hj'^pophysis. This question will not be discus- 
sed here, but the author is of the opinion (Tornblom, 1947) 
that it is not known whether the hypophysis produces a para- 
thyrotrophic hormone. 

As is well known, a marked effect is often observed when 
metastasizing carcinoma of the prostate is treated with syn- 
thetic oeslrogens {liable et ah, 1942, Wntkinson et al, 1944). 

« 

This is due to the fact that the prostatic epithelium, even when 
it has been the site of malignant degeneration, is affected by 
the testosterone produced in the testes (Huggins et al., 1941. 
Sullivan et al., 1942), The jiroduclion of gonadotrophic hor- 
mone by the h 5 q)ophysis is inhibited by the administration of 
such substances as stilhoestrol and this leads to a decreased 
])roduction of testosterone and secondarily to atrophic changes 
in the prostatic tissues. It is possible that oestrogen inhibits 
the production by the anterior lobe not only of gonadotrophic 
hormones, but also of other hormones, and hence it was 
thought that administration of stilhoestrol might inhibit the 
overproduction of parathyrotrophic hormone if such was 
present. A trial of stilhoestrol lherap 5 ’^ was considered justifi- 
able on these grounds. 
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DESCRIPTION OF THE CASE 
The patient was an unmarried woman aged 35 and a pro- 
fessional cook. She was admitted to the surgical department 
in February 1945. She had met with an accident while tobog- 
ganing and had fractures of the olecranon and of the neck of 
the femur. She had previously been fairly healthy. For the 
three months previous to the accident she had been troubled 
with pain in both knees. During the last month she had be- 
come tired, slept a great deal and had pain in the small of the 
back. These complaints had forced her to give up her work 
as a cook a fortnight before her admission to hospital. She had 
suffered from such pronounced muscular weakness that she 
had to push herself up with her hands when she wanted to 
get up from a chair. Her appetite had become poor. She passed 
large amounts of urine. She stated that she drank at least 3 
litres of water daily. The first examination of the radiographs 
revealed no abnormality apart from the fractures mentioned 
above. At the time of admission she showed considerable mus- 
cular hypotonia. Palpation of the hones of the extremities re- 
vealed swellings in several places. A mass the size of a hazel- 
nut which might be a parathyroid gland was felt in the 
neck. The hlood calcium was about 15 mg. per cent. X-ray 
investigation of the parts of the bones where abnormalities 
had been palpated revealed numerous rounded areas of rare- 
faction. There was no sign of serious renal damage. A straight 
X-ray of the kidneys showed no stone. There was albuminuria 
or a trace of albumin in the urine. The sediment showed only 
white cells. The non-protein nitrogen in the blood and the 
blood pressure wmre practically normal, 40 mg. per cent and 
145/95 mm. Hg respectively. The fundi showed no signs of re- 
tinitis. The patient had pronounced polyuria and excreted as 
much as 5 litres per day. The quantity of calcium in the urine 
amounted to 1.0 — 1.6 gm. per day and that of phosphorus about 
1.3 gm.per day. Deprivation of water did not affect the urinary 
output, neither did the administration of posterior pituitary, 
extract. The temperature was slightly raised, the S. R. was 
47 mm. per hour, and there was moderate anemia, Hb. 10 
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gm. per cent, R. B. C. 3.50 mil. per cu. mm., alkaline phospha- 
tase 19 Bodansky units, citric acid 67 pg. per cent. 

She was operated in March 1945. The patient was thin and 
the region of the neck was explored without much difficulty. 
No definite parathyroid adenoma was found. A gland the size 
of two peas was found and removed. As there was a patient 
with tetany in the hospital at the time the gland was trans- 
planted into an omental pouch of this patient who responded 
with a transient rise in blood calcium. It is therefore probable 
that what was removed was a parathyroid gland, possibly an 
adenoma. The operation did not produce any beneficial effect 
in our patient. 

Three months later the patient was operated again. The 
surgeon palpated the upper part of the mediastinum but found 
no adenoma. 

At that time it was not certain how the case should be 
classified from the point of view of pathological anatomy. The 
question as to whether there were adenomata or a diffuse hy- 
perplasia of several glands was not settled. 

It was considered, for the reasons given above, that, as no 
certain adenoma had been found during two operations, it was 
justifiable to try stilbocstrol therapy. From Oct. 12th onwards 
the patient received 6 mg. of stilboestrol daily by mouth. The 
dose was later increased to 10 mg. This treatment was as- 
sociated with a definite improvement in the patient’s condi- 
tion. She felt stronger. The muscular hypotonia disappeared. 
The blood calcium dropped but nevertheless remained above 
normal. The serum phosphorus rose from 2.0 to 4.2 mg, per 
cent. The amount of calcium in the urine fell to about half its 
previous value, 0.6 — 0.7 gm, Ca daily (see fig, 1), 

The polyuria, however, remained. The excretion of phos- 
phorus in the urine increased and in May 1946 it was 2.6 — 2.8 
gm. per day. The non-protein nitrogen in the blood rose and at 
the beginning of Sept. 1946 it was about 64 mg. per cent. The 
albuminuria increased. There was no regression in the skeletal 
changes, nor was this to be expected for, since, as mentioned 
above, the excretion of calcium in the urine remained above 
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normal. The values for the phosphatase and citric acid were 
still raised, phosphatase 26 — 30 Bodansky units, citric acid 
about 90 ag. per cent. 



The patient was operated for a third time on Sept. 23rd. 
because of the rising value of the non-protein nitrogen in the 
blood. This lime the surgeon performed a mediastinotomy, 
and found and removed a parathyroid adenoma the size of a 
haricot bean, lying behind the manubrium. The patient’s reac- 
tion to the operation w'as only moderate. The day after the 


Table /. 

Changes associated with the removal of a parathyroid adenoma, 
E. S., 2 , 36 years of age. . 
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operation, however, the urinary output had decreased to 250 
ml. The non-protein nitrogen of the blood rose and, after three 
days, stood at 110 mg. per cent. Moreover acidosis supervened 
and the CO^ capacity of the blood fell to 16 vols. per cent. The 
blood calcium fell and the patient had a couple of attacks of 
tetany. The urinary output and changes in the blood calcium 
are given in Tab. 1. The patient was treated with vitamin D^, 
parathormone, calcium salts intravenously and parenteral ad- 
ministration of fluids and sodium bicarbonate (see Tab. 1). 
She died a week after the operation showing symptoms of 
uremia and tetany. 

The only points worthy of mention as regards the post 
mortem examination are that no remaining parathyroid glands 
were found; none of the glands examined microscopically were 
found to consist of parathyroid tissue; the kidneys showed 
areas of calcification and interstitial nephrosis; there was fatty 
degeneration of the liver. 

As is seen from the description of the case given above, a 
definite improvement in the patient’s condition occurred with 
stilbocstrol therapy. She felt stronger. The muscular hypotonia 
diminished. The blood calcium fell and the blood phosphorus, 
which had previously been below normal, rose. The urinary 
excretion of calcium fell to about half its former value. The 
disappearance of the muscular hypotonia must be related to 
the fall in blood calcium. When the blood calcium level is 
raised the neuro-muscular irritability is diminished and there 
is secondary muscular hypotonia. 

The undoubted improvement which occurred in the pa- 
tient’s condition obviously raised the question, whether the 
hyperparathyroidism had decreased. 

The changes observed were as would be expected if para- 
thyroid hyperfunction had regressed. The blood calcium fell, 
the excretion of calcium in the urine diminished, the serum 
phosphorus rose. Several points were, how'ever, not explained. 
The polyuria persisted. The excretion of phosphorus in the 
urine increased. Later, the non-protein nitrogen in the blood 
began to rise and the albuminuria increased. 
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DISCUSSION 

A review of the mode of action of parathormone is given 
here as it is relevant to discussion of the case which follows. 

Administration of parathormone is followed by an increase 
in the calcium content of the blood and a decalcification of the 
skeleton. It has therefore been held that the action of para- 
thormone consists partly in a direct effect on the skeleton 
leading to a breakdown and decalcification of the bones, and 
partly to an increase in the solvent power of the blood for 
calcium {Thomson & Collip, 1932). However, a more detailed 
analysis has shown that the matter is even more complicated 
{Albright, 1929, 1941). The first change which occurs after 
the administration of parathormone is an increased urinary 
excretion of phosphorus. The blood phosphorus decreases si- 
multaneously. There is thus an increase in phosphorus ex- 
cretion along with decreased blood phosphorus. In hypopara- 
thyroidism the opposite occurs, i. e. a decrease in phosphorus 
excretion with an increase in blood phosphorus. It has been 
suggested that the primar 5 ’’ effect of parathormone may be an 
effect on the kidne 3 's leading to the increased excretion of 
phosphorus. The decrease in the blood phosphorus would lead 
to the mobilisation of phosphorus in the form of calcium 
phosphate derived from the skeleton. The hj^percalcemia 
would thus be secondarj’^ to the hypophosphatemia. The hy- 
percalcemia would then he followed bj*^ an increased ex- 
cretion of calcium in the urine. As far as is known parathor- 
mone has no effect on the manner in which calcium is dealt 
with by the kidnej^s. The excretion of calcium in the urine 
depends on the blood calcium level, increasing xvhen the blood 
calcium rises and decreasing when it falls. Administration of 
moderate doses of parathormone to bilaterally' nephrectomized 
animals does not affect the blood calcium. This is also found 
after bilateral ligature of the ureters {Tweedy et al., 1936, 
1937). If the lowering of the blood phosphorus under the in- 
fluence of parathormone is prevented by the intravenous ad- 
ministration of phosphate, no rise in blood calcium occurs 
{Neufeld & Collip, 1942). The view has also been held that it 
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Is possible to demonstrate, by means of clearance tests, that the 
reabsorption of phosphorus by the tubules is inhibited fol- 
lowing the administration of parathormone {Harrison & Harri- 
son, 1941). It seems that parathormone has a direct effect on 
the skeleton as well. The administration of large quantities of 
parathormone to nephrectomized animals raises the blood 
■calcium and leads to decalcification of the skeleton [Collip, 
1934, Ellsworth & Fiitchcr, 1935, Sdijc, 1942, Stoerk, 1943). 

To return to the discussion of the present case: If the rise 
in the blood phosphorus shown by the patient had been due 
to a decrease of the hyperparathyroidism, it should have been 
followed by a diminished urinary excretion of phosphorus. 
The opposite was in fact observed. It appears to the author 
that the explanation of the changes which occurred must be 
sought elsewliere than in an alteration in the function of the 
parathyroid glands. The patient showed signs of progressive 
renal damage. Hyi^erpliosphatemia may occur in chronic re- 
nal insufficiency. 

If ]ihosphate is added to blood in vitro it precipitates as 
•calcium phosphate and the blood calcium falls {Me Lean & 
Tlinrichs, 1938). The fall in the blood calcium in the present 
•case may have been due to an increase in the blood phosphorus 
secondary to renal insufficiency. The changes in calcium ex- 
cretion and muscular tone are secondary to the lowering of 
the blood calcium. This does not necessarily mean that any 
diminution in the function of the parathyroid glands has oc- 
curred. 

Operations on endocrine organs are occasionally followed 
bv crises, and this has also been observed after the removal of 
parathyroid adenomata. Clinically they consist of hypocal- 
cemia and tetany, as well as oliguria with a rising non-pro- 
tein nitrogen in the blood. 

The origin of the crises which are observed after operations 
on endocrine organs seems to be different with different 
•glands. The crises which occur after removal of tumours of the 
-suprarenal cortex are attributed to the tumour having pro- 
duced excessive amounts of secretion, leading to atrophy of 
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the rest of the cortical tissue. Extirpation of such tumours 
leads to the development of acute supra-renal insufficiency, 
and the condition can be prevented by the administration of 
Cortical hormone {Walters, MHlder & Kepler, 1934). The crises 
avhich occur after thyroidectomy are generally similar in their 
features to spontaneous thyrotoxic crises and are equally fa- 
vourably affected by the administration of large quantities of 
iodine. The exact mechanism of these crises is not known 
{Wijnbladh, 1937, Bansi, 1939, Salter, 1940). 

In connection with the crises which occur after the re- 
moval of a parathyroid adenoma it is of interest to know 
whether or not there is an atrophy of the non-adenomatous 
glands. According to Cope (1943) the non-adenomatous glands 
are atrophic. This view is based on observations made at the 
time of operation. Copers statement is, however, contradicted 
to some extent, by the observations of Bergstrand (1921, 1931, 
1938 and 1941). Bergstrand has made a histological examina- 
tion of the parathyroid glands in a number of cases of general- 
ised osteitis fibrosa and considers that there are hyperplastic 
•changes even in those glands which are not the site of adeno- 
matous change. The material was mainly obtained from post 
mortem examinations. As renal insufficiency is the commonest 
cause of death in generalised osteitis fil)rosa, and as informa- 
tion is lacking as to the concentration of phosphorus in the 
blood, it is not impossible that the changes ol)servcd by Berg- 
strand were secondary to a hyperphosphatemia. 

As a rule there is a fall in the blood calcium immediately 
after the removal of a parathyroid adenoma, and the patients 
■often show signs of tetany. In exceptional cases the outcome 
may be fatal {Beck, 1928). The occurrence of oliguria as a 
post-operative complication has only been described in a few 
cases and there is generally no information in the literature 
about diuresis. However, Snapper (1943) states in a mono- 
graph that oliguria is a common, almost constant, phenome- 
non. Both the hypocalcemia and the oliguria disappear after 
one or a few weeks. In Table 2 the author has collected cases 
fiom the literature in which renal complications developed 
rafter the operation. 
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Barr & Bulger (1930), Hellstrdm (1932), Churchill & Cope 
(1936) and Snapper (1943) amongst others have discussed 
the cause of postoperative tetany. The most obvious assump- 
tion is that it is due to the adenoma producing atrophy of 
the rest of the parathyroid glands {Hellstrdm, 1932). However, 
as has been pointed out above, we do not know whether the 
other glands are in fact atrophic. Barr & Bulger, Churchill & 
Cope and Snapper consider that the postoperative tetany is 
due to the fact that after removal of the adenoma, the decal- 
cified skeleton takes up calcium to such an extent that tetany 
sets in. Barr & Bulger (1930) described a case supporting this 
view. In this case the hypocalcemia was unaffected by daily 
injection of 100 units of parathormone, but was affected by 
intravenous injection of calcium chloride. The author has, 
however, found that the daily amount of parathormone re- 
quired by a rabbit in order to maintain normal blood calcium 
and phosphorus levels after parathyroidectomy, is about 100 
units when given by continuous intravenous injection. It is 
thus possible, that the amount of parathormone administered 
by Barr was too small. 

In analysing the causes of postoperative tetany, account 
should be taken, not only of the blood calcium, but also of the 
phosphorus content of the blood, the excretion of calcium and 
phosphorus in the urine, and of the fact that parathormone af- 
fects the kidneys as well as the skeleton. In typical cases of 
generalised osteitis fibrosa there is a raised blood calcium, and 
a lowered blood phosphorus, as well as increased urinary ex- 
cretion of both calcium and phosphorus. As a result of the 
operation both calcium and phosphorus practically cease to 
be excreted in the urine. The blood calcium may fall to be- 
low normal. The blood phosphorus remains mostly unchanged 
or rises. 

The fact that phosphorus disappears from the urine in 
spite of a rise in the blood phosphorus must be considered in 
conjunction with the cessation of the inhibitory action of pa- 
rathormone on the reabsorption of phosphorus by the tubules. 
Calcium phosphate is once more deposited in the skeleton, and 



Table 2. 

Cases of liyperparathyroidism with renal complications associated with the removal of parathyroid adenomata. 
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as a result of this the hlood calcium falls. The blood phos- 
phorus depends partly on the amount of phosphorus retained 
by the kidneys, and partly on the amount that is taken up by 
Hie skeleton. The decreased excretion of calcium in the urine 
is a result of the lowered blood calcium level. As phosphorus 
may be practically absent from the urine,* even in normal sub- 
jects (Smith, 1937, 1943), the disappearance of phosphorus 
from the urine does not give any indication as to whether the 
parathormone content of the blood has fallen to normal or 
below. Hence it is no guide as to whether the non-adenomatous 
parathyroids are normal or atrophic. 

The treatment of post-operative tetany consists in the 
maintenance of the blood calcium by the administration of 
calcium parenteral ly and per os, together with the administra- 
tion of parathormone and AT 10 or vitamin D. The blood cal- 
cium and signs of tetany serve as guides of therapy. 

The origin of the renal complications have been discussed 
by Snapper (1943). He attributes the oliguria to cessation of 
the diuretic effect of parathormone, and points out that the 
administration of parathormone to cardiac patients with oli- 
guria often has a diuretic effect. As the oliguria following 
operation appears to he opposite in origin to the polyuria as- 
sociated with generalised osteitis fibrosa, the latter will be 
discussed first. 

Polyuria is common and may be abundant. A urinary out- 
put of 6 — 7 litres is not unheard of. The polyuria of generalised 
osteitis fibrosa has been compared to that observed in diabetes 
mellitus. The amount of glucose which can be reabsorbed by 
the tubules is limited. If, therefore, the concentration of supr 
in the blood and glomerular filtrate is high, the reabsorption 
of wmter is prevented by the osmotic effect of the glucose. It 
has been thought that polyuria in generalised osteitis fibrosa 
was an osmotic effect produced by the large amount of cal- 
cium phosphate excreted in the urine. Ask-Upmark (1931), 
however, has suggested that the parathyroid hormone m itself 
exerts a diuretic effect on the kidneys. Table 3 is taken from 
a paper by von Noorden & Isaac (1927) and shows the rela- 



191 


Table 3. 


■ — 

Urinary output in nil./day 

Per cent glucose 


1500— 2500 

2—3 


2500— 4000 

3—5 

• 

4000— 6000 

4—7 


6000—10000 

6—9 


tionship between the diuresis and sugar content of the urine 
in diabetes mellitus. The patient here described excreted 1.0 
—1.6 gni. Ca and 1.3 gm. P wdien the urinary output was 
about 5 1. per day. A diuresis of 5 litres a day in diabetes mel- 
litus corresponds to a sugar concentration of about 5 per cent, 
i. e. a 0.28 molar solution of glucose. If the calcium in the 
urine is present in the form of Ca(HoPOj 2 > CaHPO^ and 
CaCU and if these compounds are assumed to be completely 
dissociated, the urine must contain 4 gm. Ca per litre if the 
solution is to he osmotically equivalent to a 0.28 M glucose 
solution. There would thus he 20 gm. in 5 litres. However the 
salts mentioned cannot be entirely dissociated, so that there 
would, in fact, have to be even more calcium present in order 
to attain the osmotic effect discussed. Even taking into ac- 
count dhe phosphorus in the urine, the polyuria in generalised 
osteitis fibrosa cannot be explained by an osmotic effect in 
which the calcium and phosphorus correspond to the sugar 
in diabetes mellitus. The polyuria of hyperparathyroidism 
must therefore be due to some diuretic effect of parathormone, 
which is not entirely brought about by the osmotic effect of 
the increased calcium phosphate excreted. The fact that the 
polyuria ceases after extirpation of the parathyroid adenoma 
mehns that there is no reason for assuming that the polyuria 
is due to any factor other than parathormone itself. Further- 
more it is known that the administration of parathormone 
has a diuretic effect {Taylor, 1926, Albright et al. 1929, Hue- 
per, 1929). The mechanism by which parathormone brings 
about its diuretic effect is not known. It is possible that 
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parathormone inhibits directly the reabsorption of water by 
the tubules. 

It is reasonable that the polyuria should disappear when 
the parathyroid adenoma is removed. But why should oliguria 
occur? In the authors opinion the available findings give no 
definite explanation. It is possible that the normal amount 
of parathormone is necessary to maintain a normal urinary 
output. If there were atrophy of the non-adenomatous glands, 
oliguria would then occur, and might be accentuated by 
previous damage to the kidneys. Thomson & Collip (1932) 
state that in animals anuria may develop as a result of removal 
of the parathyroid glands. It is possible that the polyuria 
which occurred earlier gave rise to a compensatory functional 
change in the anterior and posterior lobe of the hypophysis 
which normally regulate the urinary output, and that this 
functional change remains after removal of the parathyroid 
adenoma, and thus gives rise to oliguria. If this were the 
case, there should be either an increase in the antidiuretic 
effect produced by the posterior lobe, or a decrease in the 
diuretic effect produced by the anterior lobe, or a combination 
of both. The oliguria follow'ing on the removal of a parathyroid 
adenoma persists for about a week. The regulating mechanism 
of the posterior lobe appears to act rapidly {Brun, Knudsen 
& Raaschou, 1944, 1945) and the effect of its antidiuretic 
substance to be of short duration. The diuretic effect of the 
anterior lobe is of longer duration (cf. Forssman’s monograph 
1945) and a diminution of the diuretic activity of the anterior 
lobe seems more probable than an increase in the activity of 
the posterior lobe. 

A rise in the non-protein nitrogen of the, blood occurs in 
association with the oliguria. This at least may be partly ex- 
plained by the fact that reabsorption of urea by the tubules 
depends upon the amount of the urinary output {Mdller, Me 
Intosh <& van Slyke 1928). If but little urine is excreted, the 
reabsorption increases. The rise in the non-protein nitrogen 
should make itself felt especially in cases where is a latent 
renal insufficiency. In such cases the rise in the non-protein 



193 


nitrogen has been counteracted by the polyuria before the 
operation. 

In the case under discussion, acidosis occurred as well as 
oliguria and a rise in the non-protein nitrogen. One change 
which may well have contributed to the acidosis is as follows. 
Previously about 11/2 gm. of phosphorus per day had been ex- 
creted in the form of acid phosphates. Before the operation 
the pH of the urine had varied between about 6.3 and 6.4. 
After removal of the adenoma the excretion of phosphates 
ceased. It is further probable that the reabsorption of sulphate, 
like the reabsorption of urea, is dependent on the amount of 
urine being excreted, so that the oliguria was probably fol- 
lowed bj'^ retention of acid sulphates in the blood {Hagman 
& Johnston, 1932, Macij, 1934). 

The above discussion suggests that the renal changes 
resulting from the removal of a parathyroid adenoma depend 
on the sudden disappearance of the diuretic effect of 
parathormone and may thus be prevented by the administra- 
tion of parathormone. 

Snapper (1943) states that it is usually possible to tide 
the patient over the post-operative oliguria by the intravenous 
administration of hypertonic glucose solution and the abun- 
dant subcutaneous administration of fluids. The effectiveness 
of this treatment must depend on the prevention of the water 
reabsorption in the renal tubules by making available suf- 
ficient glucose in the urine. 

Of interest too are the questions when may these renal 
complications be expected, and when can they endanger life. 
If the above explanation of their origin is correct they should 
occur in cases of severe hyperparathyroidism. They should 
be especially dangerous in cases where signs of renal damage 
were evident before operation. The cases described in the 
literature showed either a high blood calcium with polyuria, 
or raised non-protein nitrogen in the blood or other signs of 
kidney damage before operation. Those cases in \vhich the 
non-protein nitrogen rose above 100 mg, per cent had a raised 
non-protein nitrogen even before the operation. 

Acta endocrinol. Vol. 2. II. 
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Cases of generalised osteites fibrosa which were fatal on 
removal of parathyroid adenomata have been described by 
Beck (1928), Wan/re (1930), As/c-f/pmar/c (1931) Albert 
(1933) (see above). Information as to the amount of urine 
excreted after the operation and the non-protein nitrogen in 
the blood is not given in these reports. Beck states, however, 
that in the case he described the CO^ capacity of the blood 
was 52 vol. per cent before the operation and 35 vol. per cent 
just before death. Beck's, and Wanke’s cases showed signs of 
tetany, but the blood calcium never fell below normal. The 
only signs of tetany showm by Ask-Upmark's case were mental 
disturbances, motoric agility and a positive Chvostek’s sign 9 
days after the operation. The blood calcium fell below the 
normal value. No parathyroid tissue was found at autopsy in 
Wanke’s or Ask-Upmark’s cases. There is no information 
on this point in Beck’s description. In none of the cases does 
it appear that the post-operative tetany was particularly 
marked. It seems impossible to determine from the available 
evidence, whether any renal complications, affecting the final 
outcome, occurred in any of these cases. 

The blood calcium can be used as a guide for the treatment 
of postoperative tetany, which consists in the administration 
of calcium or calcium and parathormone. The renal complica- 
tions do not seem to depend on the blood calcium and there 
is no reason to expect that they will be affected by the ad- 
ministration of calcium. Parathormone or intravenous hyper- 
tonic glucose solution should be given to counteract the 
oliguria, and the amount of urine excreted should be the guide 
for the treatment. 


SUMMARY 

A case of generalised osteitis fibrosa is described. The 
patient died showing signs- of tetany and uremia, following 
the removal of a parathyroid adenoma. The patient had 
previously been treated with stilboestrol, apparently with some 
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success. The author is of the opinion that tli 
grounds for believing that the improvement was 
apparent, and that it was caused by progressive r 
ficiency. An attempt is made to analyse the origi 
renal complications with reference to the case de 
well as to those found in the literature in whieh ren 
cations occurred following removal of a parathyroid 
In agreement with the suggestion of Snapper the a 
siders that they are due to the suclden cessation of tli 
effect of the parathyroid adenoma, and that they 
prevented by the administration of parathormone or 1 
tonic glucose solutions given intravenously. The bloo 
should act as a guide for the treatment of post-operati 
and the output of urine as an indieation for the t 
of renal complications. It is suggested that renal c 
tions are to be expected in cases where the hj’i 
thyroidism is severe or where signs of renal dama 
present before the operation. 
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epididymectomy in rats, using the prostate gland as end-point 
of assay. 

Carl-August Hernherg: Morbus Albright. 
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From the Laboratory for Electron Microscopy of the Nobel 
Institute for Physics (Professor Manne Siegbahn) and the 
Endocrine Department of Serafimerlasarettet (Rolf Luft, M. D.), 

Stockholm, Sweden. 

SUBMICROSCOPIC CYTOPLASMIC GRANULES 
IN THE ANTERIOR LOBE CELLS 
OF THE RAT HYPOPHYSIS AS REVEALED 
BY ELECTRON MICROSCOPY 

BY 

HUMBERTO FERNANDEZ-MORAN and ROLF LUFT 

This paper is a report on the preliminary results of a study 
of the glandular lobe cells of the rat hypophysis obtained 
by combining conventional cytological techniques with various 
electron microscopic methods. 

The anterior hypophysis of the rat contains chromophobe, 
acidophile and basophile cells in approximately the same pro- 
portion as the human hypophysis. The normal cytology has 
been most thoroughly studied by Nukariya (1926), Severing- 
haus (1933), Romeis (1940), Wolfe and collaborators (1933 
~38), and by others. The relationship between the different 
cell types is the subject of numerous hypotheses {St. Remy 
1892, Erdheim 1903, Kraus 1913, Collin 1928, Severinghaus 
1933, Franck 1937, and others). All these theories deal with 
the specific granules, mitochondria, Golgi bodies and other 
structures seen with the light microscope. The electron mi- 
croscope with its one hundred fold higher resolving power 
should contribute significantly to our knowledge of the sub- 
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microscopic organization of these cells by revealing structural 
details ying beyond the boundary of light microscopy. Its first 
application to this problem discloses the presence of a new 
snbmicroscopic structure which predominates in the cyto- 
plasm of ail cell types of the anterior lobe, and is represented 
y spherical granules which are approximately ten times 
smaller than the specific granules. 


MATERIAL AND METHODS 


At present there are few suitable techniques for the examination 
of cells with the electron microscope. Examination of an object with 
the electron microscope requires that it be ultrathin {0.1 micron or 
less), contain sufficient contrast and be subjected to a high vacuum. 
Since sections of the pituitary tissue could not be cut thin enough, 
it was necessary to use smears of glandular lobe cells on metal sup- 
porting membranes or on specially prepared glass slides, in addition 


to other procedures like isolation of the cells or maximal extension 
of fresh cellular sheets on a liquid surface {Ferndndcz-Mordn, 1948). 

The anterior lobes of the hypophyses used in this study were 
taken from 50 mature albino rats (nearly all males) of an inbred 
strain. The rats were rapidly decapitated, and the pituitary glands 
immediately removed. The anterior lobe was then carefully sepa- 
rated from the rest of the gland and either smeared directly on very 
clean, »flamed« glass slides or on the metal or collodion supporting 
films of the electron microscope object holders. Several anterior lobes 
were frozen on the stage of a freezing microtome and »serial touches« 
prepared by pressing a clean glass slide gently on the tissue. Ex- 
tremely thin patches of the gland adhere to the slide and can be 
aligned serially. Other anterior lobes were fixed in toto in neutral 
formalin (10%) or in Mellgren's (1944) special fixation fluid, and 
used for mechanical disintegration procedures in order to obtain 
single, cells or cell fragments. The smears and »touches« were either 
air dried without fixing, frozen dried or fixed with osmium vapor 
(from' a 2 % neutral solution), formalin vapor or liquid formalin 

(neutral, 4% and 10%). 

The serial smears or touches on glass slides were divided into 
3 groups. One group was subjected to electron microscopical me- 
thods, and the other two were used for control staining with con- 
ventional microscopical techniques or for heavy shadowing wi h 
metals (ref. Williams & Wyckoff, 1946). By covering thin cel! smeai-s 
with a metal film of suitable thickness deposited obliquely m a 
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vacuum those surface structures are brought out in clear detail 
which are close to the limit of resolution of the light microscope. 
The characteristic »bas reUef« pictures obtained by this method are 
very similar to tlie electron micrograplis of the shadowed specimen-. 


Vrcparalion Techniques for Electron Microscopy^ 

All observations were made with the electron microscope de- 
signed by Prof. Mannc Siegbahn at the Nobel Institute for Physics 
(1939). This laboratory model operates at 35—55 kV, attaining a re- 
solving power of 20—50 A. U. TlVc procedures used in this study for 
examining the cellular material can be divided into 3 groups: (a) 
Examination of cell smears or isolated cells deposited on glass slides, 
by replication and i-epeatcd stripping, referred to here os the »Prc- 
shadow Replica-Adhesion Method« and its variations; (b) direct exa- 
mination of the coll smears or extended cell sheets deposited on the 
specimen films of the object holders of the electron microscope; (c) 
plain incineration of the extended cells and replica-incineration me- 
thods. 

(a) The rcplica-adhesion technique. Tliis is a modification of the 
pre-shadowed replica method of Williams efr Wychoff (1914 — 46). 
The ceils extended on a tlioroughly cleaned, polished and «flamcd« 
glass slide are covered with a thin 20—50 A. 13. uranium or gold film 
deposited obliquely (angle 5° — 10°) in a vacuum chamber. This heavy 
metal film is reinforced by an equally thin aluminium or beryllium 
film deposited vertically or obliquely in the opposite direction. The 
combined metal film is now backed with a thin collodion membrane 
and stripped off under water. If the glass slide has boon properly 
cleaned, the cellular material will stick firmly to the glass surface. 
When the collodion membrane is stripped off, only the metal replica 
and a very thin section of the cell surface are removed. The proce- 
dure can be repeated many times on the same cells, and each stripp- 
ing will remove another ultrathin layer (0.1—0.03 micron tliick) in 
addition to the metal replica of the exposed, new surface. The collo- 
dion metal film is mounted on the grids of the' object holders, and 
examined diroetbv with the electron microscope or placed previously 
in a bath of amyl acetate which dissolves the collodion, making the 
pi eparation thinner and more suitable for examination. 


(b) Direct exmnwation of isolated cells. Those methods are mainly 
of interest as control procedures for the other two groups, since only 
the cytoplasm can be clearly seen, while the nucleus and the other 
dense components of the cell are too thick for electron microscopy. 
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(c) Microincincration methods {Fernandez-Mqrdn, 1948). A very 
hm extension of cells deposited on an aluminium or beryllium spe- 
cimen film can be thoroughly incinerated with a microflame or in 
an electric oven at 500° C. Fractional incineration gradually clears 
up the dense areas of the preparation which pass through various 
characteristic transition stages, resulting finally in the formation 
of a residual »ash skeleton« of the cell. These »electron spodogramsct 
are reproducible and can be used to identify a given cell type. 


Replica-incineration (Ferndndcz-Mordn, 1948. Cells lying on a 
metal supporting film (25 A. XJ. aluminium) are covered vertically 
or obliquely with another aluminium or beryllium film (20—80 A. U.). 
Incineration is then carried out with the microflame or in an elec- 
tric oven. The upper metal film which forms a cast of the cell sur- 
face is not appreciably altered during this incineration process. The 
cellular material, enclosed between the two metal films, is rapidly 
burned away, leaving residual ash deposits which are kept in place 
by the submicroscopic chambez's formed by the metal envelope. A 
combination of the spodogram and the metal replica of the surface 
is thus obtained, showing both the surface structures and the resi- 
dual ash contained within the cell. This method served as a conti’ol 
procedure m the study of well delimited, submicroscopic elements 
which cannot be touched by mechanical means, but may thereby be 
incinerated rin situ« giving some indication of their composition. 


OBSERVATIONS 
1. Optical Microscopy. 

Smears or serial touches of the anterior lobe show rows 
of nuclei embedded in a sheet of granular cytoplasm. No cell 
boundaries are discernible, but closer examination reveals 
that each nucleus is surrounded by a characteristic »cell ter- 
ritory«. Thus, the large basophile cells are prominent because 
of their large nuclei, vesicular Golgi body and the numerous 
floccular mitochondria and vacuoles in the cytoplasm, whRe 
the eosinophiles and chromophobes can be made out in sui - 
ably stained preparations. If the smears are covered obliquely 
or »shadow cast« with a thick film of aluminum, the surface 
contrast is greatly enhanced and the smallest particles emerge 
clearly from the silvery background by the shadows they pro- 
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ject It is then seen that the cytoplasmic ground substance 
which generally appears homogeneous is sprinkled with mi- 
nute particles (not larger than 0.3 micron), evenly distributed 
among the larger specific granules. 


2. Electron Microscopy. 

1. Direct examination of extended cells. Smears of air 
dried or fixed glandular lobe cells placed on collodion or metal 
supporting films are thin enough, in certain areas, for electron 
microscopy. The cytoplasm surrounding the dark nuclei con- 
sists of dense spherical or irregular particles of 0.3 to 0.05 
microns embedded in a still finer, granular ground substance. 
The large specific granules stand out clearly among bulky 
bodies adjacent to the nuclei. Prolonged microincineration of 
these specimens does not change the ]hcture significantly. 
Every spherical granule leaves a residual ash particle, and 
these keep their original position forming a regular network 
pattern. 

2. E.xamination of the surface replica-adhe!>ion prepara- 
tions. This method gives a plastic image of the cell surface.s 
from the different layers stripped off. If the minute granules 
seen with the light microscope in the cytoplasm after shadow 
casting are followed up with the electron microscope, it is 
found that they represent the largest bodies among a profuse 
array of spherical elements. The cytoplasm appears as a dense 
heap of massed spheres arranged in clusters or acini. These 
spherical bodies are sharply outlined and appear uniformly 
round and firm. Most of them are beyond the resolving jiow’cr 
of the light microscope, with a diameter ranging from 30 to 
300 millimicrons (figs. 1, 2, 3, 4). The cytoplasmic spheres 
are embedded in a particulate ground substance which con- 
sists of smaller spherical granules reaching sizes down to the 
limit of resolution. The perfectly round shape of the endo- 
plasmic spheres often suggests the presence of a membrane, 
while others are covered with small round granules or pits. 
The specific granules, although five to ten times larger (fig. 3), 




Fig. I. 

Electron micrograph of a segment of a large basophile cell from a 
smear of the anterior lobe. The dense nucleus is surrounded by 
massed collections of spherical bodies of 50 to 300 millimicrons in 
diameter. .Pi'eshadowed replica-adhesion method (gold/aluminum). 

Magnification 11500 X. 

show a certain similarity to these submicroscopic granules. 
These spherical elements build up almost exclusively the 
cytoplasm of the glandular lobe cells of the rat hypophysis, 
giving the different cell types a common submicroscopic ap- 
pearance. The most common types of spheres found in the 
cytoplasm of the glandular cells have an average diameter of 
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Fifi. 2. 

Scction of the, cytoplasm of a large basopliile coll from a thin smear 
of the anterior lobe. The cytoplasmic spheres are spread and their 
full round shape is more distinct. Metal surface replica obtained by 
the replica-adhesion-method. Electron micrograjdi. IMagnification 

19000 X. 


100 — 250 millimicrons. They tvill he referred to here as rcylo- 
spheres« or »endosi)heres« to distinguish them from the sjm- 
cific granules of light microscopy. The smallest cytospheres 
are generally found in the immediate vicinity of the nuclei or 
on top of the nuclear membrane, while the larger ones arc 
more abundant in the periphery of the cell. They are dense 
and impenetrable to the electron beam in ordinary prej^ara- 
tions, but preshadowed replicas (using gold or uranium) re- 
veal extremely small, uniform microgranules (of 2— -20 milli- 
microns) arranged in a regular pattern on their surfaces. The 






Fig. 3. 

Cytoplasm segment in an eosinophile cell of the anterior lobe. Two 
opaque oval bodies, corresponding to the specific granules, arc em- 
bedded among the closely packed cytoplasmic spheres, which are 
approximately ten times smaller. Notice the finely granular mem- 
brane of the specific granules. Metal repIica-adJiesion method. For- 
malin fixed smear (gold/aluminium). Magnification IGOOO X. 

possibility of metal granulation artefacts which are often en- 
countered in these preparations detracts from the value of 
this finding. However, when the cytospheres are disintegrated 
hy mechanical procedures, minute spherical particles of the 
same dimensions are obtained. After prolonged incineration 
every cytosphere leaves a residual round or cubic ash particle, 
surrounded hy hardly visible, smaller ash particles. 

The specific granules (fig. 3) range in size between 0.5 and 
1.5 microns and are round or oval masses bounded hy a mem- 



Portion of cytoplasm of a large basophilc cell. The cmply surface 
cast of an irregular oval bodj^ doited with coarse granules, is seen 
among large accumulations of cytoplasmic spheres. These bodies 
may correspond to the large floccular mitochondria and ai^pcar 
cleai’ly in preparations dissolved with acetone or amyl acetale. Re- 
plica-adhesion method. Air dried smear. Magnification IGOOO X. 

brane impregnated with minute spherical particles. Their core 
consists of dense round bodies which change into sharp cry- 
stalline ash particles after prolonged incineration. 
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In addition to these spherical particles large irregular bo- 
dies or vacuoles are seen in the cytoplasm, particularly in the 
large basophile cells. They are irregular or indented polygonal 
bodies of 1—4 microns which stand out clearly in prepara- 
tions dissolved with amyl acetate or acetone (fig. 4). These 
bodies appear to correspond to the large floccular mitochon- 
dria described by Severinghaus (1933), but they have not been 
definitely identified. The same holds true for the correlation 
of the large spherical masses or vacuoles, lying next to the 
nucleus, with the Golgi body of classical cytology. Severing- 
haiis (1933) describes the Golgi body as a »hollow sphere with 
one or more invaginations« enclosed in a membrane. Tbe 
larger juxtanuclear bodies seen in electron micrographs fit 
this description as regards location, size and the presence of 
a characteristic surface structure which resembles a mem- 
hrane. 

The nucleus. Only the surface of the nucleus could be 
adequately studied since the firm nucleus resists all extension 
and stripping methods and is too dense for microscopy. The 
nucleus is sharply outlined and covered with a creased and 
shrunken membrane. This shrinkage does not obliterate the 
dense conglomerates of spherical bodies of various sizes, pre- 
, dominantly small ones (20 — 50 millimicrons) which seem to 
lie below the membrane and apparently belong to the super- 
ficial layers of the nucleus. Very often these spheres, which 
are identical in size and shape to the cytospheres, give the 
impression of emerging from beneath the nuclear membrane 
by a process of extrusion. 

A survey of the electron microscope observations at this 
preliminary stage indicates that there are no basic differences 
in the submicroscopic structure of the three principal cell 
types, since all of them contain cytospheres which constitute 
the bulk of their cytoplasm. The differences encountered seem 
to he rather of a quantitative nature, involving the size and 
distribution of the cytospheres and the configuration of the 
juxtanuclear vacuole and of the lipoid soluble bodies. This 
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applies of course only to the morphological picture as shown 
at this dimensional level by the electron microscope. The 
methods employed here do not allow of a chemical identifica- 
tion of the structures, but further analysis with adequate pro- 
cedures may make a closer correlation possible with the cell 
types recognized by classical methods. 

All the cytoplasmic elements described in the preshadowed 
' replica-adhesion preparations are seen in the control prepara- 
tions produced with other methods. Electron microscopical 
examination of mechanically disintegrated anterior lobes fixed 
in formalin shows a predominance of s])herical and oval ele- 
ments of the same size and shape as the cytos])heres, covered 
with tiny spherical elements. 


DISCUSSION 

An interpretation of these preliminary findings obtained 
with new methods, which are still in an early stage of deve- 
lopment, and have not been adequately tested, must neces- 
sarily be tentative in nature. 

The techniques of preparations used, obliterate cell boun- 
daries and introduce arbitrary concentrations of cytoplasm, 
and they are, moreover, subject to numerous possibilities of 
. artefact formation such as fixation artefacts in the cells, dis- 
tortions in the replica films, the effects of a high vacuum and 
electron bombardment, etc. Certain general findings, however, 
are confirmed by different methods of examination, and can 
be considered here. 

The observations with the electron microscope disclose a 
great structural similarity between the basic constituent ele- 
ments of the anterior lobe cells, which show a remarkably 
uniform submicroscopic organization. The light optically 
»clear« cytoplasm is seen to consist of well defined spherical 
elements, the cytoplasmic spheres or cytosidiercs, which vary 
m size between 30 and 300 millimicrons and are thus beyond 
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Ihc resolving i)owcr of Ihc light microscope. The other cyto- 
plasmic constituents, like specific granules, juxtanuclear 
(Golgi) body, etc. have also a similar submicroscopic struc- 
ture in the different cell types recognized with conventional 
cytological methods. 

The pre])onderance of one common element and the appa- 
rent similarity in structure may point to a close relationship 
between the different cell forms as regards functional states 
and cell origin. The constituent material of the cytoplasm 
a]ipcars to he divided into sharply outlined and progressively 
smaller units (specific granules, cytoplasmic spheres, sub- 
microscopic ground substance) and it remains to be investi- 
gated in which way they arc related to each other. 


SUMMARY 

A study of the glandular lobe cells of the rat hypophysis 
with the electron microscoi)c, using different techniques of 
j)rcparations (mainly the replica-adhesion method carried out 
on cell smears), shows that the cytoplasm of all glandular lobe 
cell types examined consists predominantly of distinctly out- 
lined s])hcrical bodies of 30 — 300 millimicrons in diameter. 
These »cytosphcrcs« contain .smaller spherical granules and 
arc embedded in a particulate submicroscopic ground sub- 
stance. The specific granules appear as large spherical bodies 
l)Oundcd by a membrane with fine adhering granules. Smalt 
sj)herical bodies resembling the cytosphercs are found in large 
numbers attached to the corrugated nuclear membrane. No 
fundamental differences in the submicroscopic structure of 
the three basic cell types could he observed. 
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ATTEMPTS TO INDUCE EXPERIMENTALLY 
MATURATION OF THE GONADS OF THE 
EUROPEAN EEL, ANGUILLA ANGUILLA LA) 

BY 

ANTON F. BRUUN, AXEL M. HEMMINGSEN, and 
EJNAR M0LLER-CHRISTENSEN 
Copenhagen 

INTRODUCTION 

In 1904 the Danish marine biologist Dr. Johannes Schmidt 
found the first eel-larva in the Atlantic Ocean {Petersen, 
1905). This discovery became the starting-point for extensive 
marine biological investigations and made it possible to prove 
that the European Eel breeds in the early spring in the Sar- 
gasso Sea, presumably at a depth of 200 — 500 m. 

Ripe eels’ eggs have never been observed with certainty, 
but the youngest eel-larvae ever seen, the so-called Lepto- 
cephali, are 6 mm. long, and most probably only a few days 
old. In the course of 2^/2 years the eel-larvae drift with the 
Gulf-Stream and the North Atlantic Current towards the coasts 
of Western Europe, gradually attaining a size of 70 — 80 mm. 
In the deep water off the coasts, the larvae metamorphose into 
elvers and then cross the continental shelves to get into the 
brackish water areas or to ascend the streams and rivers. 

The small glass eels or elvers which we see every spring 
near our shores in great numbers are thus three years old, 

*) Lecture delivered at the meeting of the Scandinavian Societies 
for Endocrinology in Stockholm, September 26th, 1948. 
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and during these three years they have travelled about 5000 
km. They tend to swim against water currents and towards 
less salty water (Syluesl, 1931), and thus gradually get into 
brackish water or fresh water, where little by. little their migra- 
tion urge disappears though often not until after a couple of 

years. 

When the elvers have reached the coasts and are in fresh 
water, a pigment begins to deposit in their skins, and in the 
course of their fourth summer they assume the wmll-known 
appearance of small eels, viz. dark olive-greenish above arid 
yellowish-white on the abdomen: they have become yellow 
eels, and now live as benthonic animals and have a ravenous 
appetite. 

When they have spent at least 6 — 7 years as yellow eels 
they again change their appearance and become silver eels; 
that is, the back and the pectoral fins turn almost black, the ^ 
sides and ventral surface assume a silverish metallic lustre, 
and the eyes grow larger. Changes also occur in the internal 
organs: the gonads increase in size, the intestinal function 
ceases and in the digestive canal atrophic changes set in. 

The silver eels have a migratory urge. They migrate down- 
stream and towards salt water. During the three autumnal 
periods of moonless nights they leave our shores at a speed 
established by marking experiments to be up to 52 km. per 
24 hours. The last we know of the silver eels originates from 
a few fishings in the deeper part of the Channel and from 
some half-digested remnants from the stomach of a Sperm 
Whale from the Azores. But the goal of the silver eels we 
know; they are bound for the Sargasso Sea »pour I’amour ot 
la mort« as once stated by a spiritucl Frenchman, When they 
have bred they die ~ if one may judge from related forms; 
at alt events they never appear again. 

We may consider it established that normally the two sexes 
are differentiated when the cels attain a length of 18 26 cm. 

Until then it is impossible to tell whether an eel is a female or 
a male. 

The metamorphosis from yellow’ eels into silver eels takes 
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])lace in the male eels at a length of 29—40 c..:,, and the length 
of a male silver cel never exceeds 50 cm. The females do not 
become silver cels until they arc some 42 cm. long and as a 
rule not until they are more than 50 cm. long. This thus means 
that if a silver eel is longer than 50 cm., il is a female; and if 
it is less than 42 cm, it is a male. 

The testes of the silver cel consist of a pair of grayish 
thread-shaped, somewhat lohed organs, the diameter of which 
hardly exceeds 1.5 mm. They extend throughout the length 
of the abdominal cavity. Microscopically small groups of rather 
big cells rich in ])roto])lasm with nuclei rich in chromatin are 
found in the connective tissue stroma. These cells are resting 
spermatogonia. 

The ovaries of the silver eel consist of a pair of 5 — 20 mm. 
broad, curly or plaited hands extending along the whole length 
of the dorsal side of the abdominal cavity. The ovary contains 
exclusively egg cells kept in place by a little fibrous tissue. 
The cells are all of nearly the .same size, and their appearance 
suggests that in any single ovary all egg cells are at the same 
stage of development. Marine-biological investigations of a 
large number of ovaries from silver cels, show that the average 
egg is between O.IG and 0.18 mm. in diameter. The protoplasm 
contains numerous fat droplets. The eggs of the yellow eel are 
on an average 0,09 mm. in diameter (e. g. Walter, 1910), and 
in these no fat droplets arc found. 

This is a brief account of all that is known regarding the 
sexual biology of the European Eel, For the sake of complete- 
ness we may add that a few eels have been observed, in which 
the degree of maturity was remarkably more advanced than 
is normally the case. Thus Schmidt (1906) described a male 
silver eel whose testes were mature, and similar observations 
have been made by Grassi & Calandruccio (1897) and Rodolico 
(1983). Calderwood (1893) described a female cel so nearly 
sexually mature that the eggs apparently were quite ready to 
drop from the outer surfaces of the ovaries, which showed 
no signs of any blood supply, and when touched crumbled 
away very easily. The nuclear membrane in each ripening 
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ovum was, however, still visible in sections. It is regrettable 
that he did not state the diameter of the eggs. However, d An- 
cona (1939) mentions a female silver eel wdth egg cells having 
a diameter of up to 0.31 mm. But these examples are so ex- 
tremely rare that they cannot by any means contribute to 
dispelling the m 3 ^stery which surrounds the period of repro- 
duction of the European Eel. 

Attempts at producing sexual maturity in the European 
Eel were first published by Rodolico (1933), who placed male 
silver eels at the hj^drostatic pressure to which he supposed 
the eel to be subjected in the Sargasso Sea, viz. a pressure of 
10 atmospheres. This corresponds to a depth of 100 m., which 
he supposed to be the depth at which the Eel breeds. The 
result of these experiments was that the testes underwent 
degenerative changes. Experiments of a similar kind and giving 
the same result were published by Beccari & Baldasseroni 
(1936). 

Boucher, Boucher & Fontaine (1934), Fontaine (1936), and 
Tuzet & Fontaine (1937), w'ere the first to publish results of 
experiments in which gonadotrophic hormones were injected 
into the Eel. In several cases they succeeded in producing 
complete spermatogenesis in male silver eels by injection of 
urine from pregnant women. Similar experiments with a 
female silver eel gave no really positive results. 

The results of Fontaine co-workers have been con- 
firmed by Schreiber (1935a, 1935b, 1936, 1937a, 1937b) using 
chorionic gonadotrophin as well as by van Oordt & Brct- 
^chneider (1941) who used pituitary extracts from mammals 
and sexually mature carps as well as other gonadotrophic 
substances. 

Ira Hansen (1939) reported that treatment of female An- 
guilla rostrata (Le Sueur) (the American Eel) \vith injections 
of the chorionic gonadotrophin Antuitrin S (Parke, Davis & 

Co.) and of suspension of frog’s pituitary gland had’ no effect 
on the ovaries. 


Acta endocfinol. Vol, 2, III. 
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OUR OWN EXPERIMENTS 

In 1941 the authors communicated in the Biological Society 
of Copenhagen (see Bmun & Moller-Christensen, 1941) some 
preliminary results obtained with hormone injections into the 
European Eel; and these results are incorporated in the pre- 
sent paper. Hemming sen was in the Far East during the war. 

From 1930 to 1940 we worked with female eels only and 
had no positive results to show. We shall only mention that 
besides giving intramuscular injections of chorionic gonado- 
trophin we also performed a large series of transplantations 
of pituitary glands from ox, swine, rat, garfish, plaice and cod, 
into female eels. 

From 1940 we had ideal working conditions at the then 
recently built »Danmarks Akvarium«, Charlottenlund, Copen- 
hagen, and we now started a series of extensive experiments. 

From Januarjf 1940 to June 1947 the experiments com- 
prised 7 male and 99 female silver eels. 

As far as possible we have tried to keep the hydrogen ion 
concentration of the sea water used at 8.0 — 8.2, a salinity of 
3.5 per cent, and a temperature of 18° C., i. e. near the values 
obtaining in the depths of the Sargasso Sea at which the eel 
is supposed to spawn. The illumination of the experimental 
room was faint daylight. 

We have used for hormone treatments the chorionic go- 
nadotrophin preparation »Physex Leo«, which is manu- 
factured from human pregnancy urine, and the synthetic non- 
steroid oestrogenic substance, 4:4’dihydrox5'phenyl->'-i5-n-hex- 
ane as manufactured under the name »Hexoestrol A. B.«. The 
chorionic gonadotrophin was injected into the female eels 
intraperitoneally in aqueous solution almost always in doses 
of 500 I. U., generally once a week; and Hexoestrol was given 
intramuscularly in a solution in arachid oil almost always in 
milligram doses, also usually once a week. 

The male silver eels received chorionic gonadotrophin only, 
intraperitoneally, but in considerably smaller doses than the 
females, viz. from 400 to 800 units, spread over 8 to 20 weeks. 
In 3 of the males full spermatogenesis resulted, and a milky 
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fluid rich in spermatozoa could be squeezed out of the cloacal 
“e. in the other males a distinct effect a so seen 

both microscopically and rvith the naked eye (see-,F,g. 1). 
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Fig. /. 


0. Whujc. 


Section of testis of male silver eel injected with 750 I. U. 

of PJiyscx. 


The female silver eels were divided into two groups, one 
receiving chorionic gonadotrophin (Physex) only, the other 
one Physex + Hexoestrol. The effect of the hormone was 
studied by measuring the egg diameter (average of maximum 
and minimum diameter in each of 10 eggs chosen at random). 
The ovaries were fixed in 4 per cent formalin, and afterwards 
the measurement of the egg diameter was made by means of 
Edinger’s projector. 

On account of black-outs, curfews, and other inconvenien- 
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ces caused by the war, some measurements could not be made 
until a long time after fixation. A certain amount of shrinkage 
(perhaps 15 — 30 per cent of diameter) may therefore have 
taken place, so that our figures are minimum figures. Some 
material has been lost owing to a fire which occurred after 
1941. 

One of the most serious difficulties met with in our ex- 
periments was the high mortality of the eels. It was consider- 
ably reduced by adding to the sea water 2 g. euflavine (trypa- 
flavine) per m^. Still the duration of many experiments was 
limited by the death of the eels. 

In the animals which received Physex only, a total amount 
of up to 11500 I. U. has been given and the experiments lasted 
from 3 to 21 weeks. In the eels which received Physex -1- Hex- 
oestrol the total dose varied from 1500 I. U. of Physex + 
3 mg. Hexoestrol to 12500 I. U. of Physex + 25 mg. of Hex- 
oestrol, and the experiments lasted from 3 to 42 weeks. The 
duration of the experiments includes the period of time 
elapsing from the last injection till the eel died or was killed 
(in some cases up to 3 — 6 weeks). 

Table 1 shows the egg diameter of our own control (un- 
treated) silver eels. 

Table i. 

Untreated control female silver eels. 


Nr. 

Pgg diameter 

I 

0.18 mm. 

ir 

0.12 » 

III 

0.13 » 


According to published records the diameter of the eggs of 
silver eels does not exceed 0.3 mm. {d’ Ancona: 0.31 mm.), and 
usually is between 0.1 and 0.2 mm. {Robin, 1881, Mobius, 1887, 
Jourdain, 1889, Williamson, 1895, and Walter, 1910). Measure- 
ments given by Mobius (1887) and Williamson (1895) together 
with our own, and d’ Ancona’s exceptional record, are shown 
as control measurements to the left in Figs. 2 and 5. 
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Egg diameter 



Fig. 2, 


Correlation between egg diameter of silver eels and total dose of 
chorionic gonadotrophin (Physex TjCo) injected intrapcritoneally. 

+ Controls (from Mdbhia, 1887; Williamson, and d’ Ancona, 1Q3Q). 

X Own controls. 

• Physex + Hexoostrol (with very few exceptions 1 mg intramuscu- 
larly per 500 I. U- of Physex). Injections started autumn-.Tanuary. 

* Same, hut injections started February-April. 

0 Physex only. Injections started autumn-.Tanuary. 

9 Physex only. Injections started Fchruary-April. 

1 Eggs loose. 

In Fig. 2 the egg diameters are plotted against the total 
doses of Physex injected. Only cels in which less than six 
weeks have elapsed between the last injection and death, are 
included. The eggs of eels killed later (6 — 22 weeks after the 
last injection) all measured 0.15—0.30 mm. in diameter, and 
there is reason to suspect that they liad decreased in size since 
the last injection. Those injected with Physex only and those 
injected with Physex -1- Hexoestrol, are shown differently. 
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With very few exceptions the dose of Hexoestrol was varied 
with the dose of Physex (1 mg. Hexoestrol per 500 I. U. of 
Physex), 

Logarithmic ordinate and abscissa axes have been chosen, 
because 1) the egg diameters obtained with any given dose 
appeared to have a skew distribution with a dispersion rising 
with dose, whereas their logarithms were more normally distri- 
buted with more uniform dispersion at all dose levels (for this 
kind of frequency distribution, see Hemmingsen, 1934) ; 2) 
the relation between log. effect and log. dose may be at least 
roughly linear; 3) the correlation is illustrated much more 
clearly in the graph than it would be if the actual figures 
were plotted. Injections were usually started in November- 
January. Some, which started in February- April, are marked 
specially in the figure. There is some indication in these latter 
experiments that a certain increase in egg diameter was pro- 
duced by smaller doses of the hormone. It will be seen that, 
both with and without Hexoestrol, a positive correlation is 
evident between egg diameter and dose of Physex. It will also 
be seen that with a certain dose of Physex, the average egg 
size is greater when Hexoestrol is given in addition to the 
Physex dose. 

Table 2. 

Female silver eels treated with Physex. 



Table 2 shows the five best results obtained with Physex, 
the ovaries of the nine eels shown in Fig. 2 by points 
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marked / we made the very interesting observation that the 
eggs, which all measured 0.35 mm. or more in diameter, were 
very loosely connected to each other — ■ an observation which 
must surely be interpreted as an approaching ripening of the 
eggs. This observation was made after fixation of the ovaries 
in 4 per cent formalin. These eggs have thus probably been 
more nearly mature than in any eel ovary so far observed 
(except probably the one described by Calderwood) . The eight 
experiments in which the eggs exceeded 0.35 mm. in diameter 
are given in table 3 (Physex + Hexoestrol). The ninth (0.35 
mm.) was made with Physex alone (No. 108 in table 2). 


Table 3. 

Female silver eels treated with Physex and Hexoestrol. 


No. 

Physex I.U. 
total 

Hexoestrol 
mg. total 

Duration of 
experiment; 
weeks 

Egg 

diameter 

mm. 

86 

3000 

6 

12 

0.40 

83 

5000 

10 

22 

0.36 

87 

5000 

10 

22 

0.41 

94 

6000 

12 

22 

0.37 

91 

6000 

12 

23 

0.42 

82 

7000 

14 

32 

0.41 

96 

7500 

15 

36 

0.46 

90 

8500 

17 

38 

0.38 


The average egg diameter in these nine eels was more than 
twice as large as the average egg diameter in untreated silver 
eels, corresponding to an enlargement by volume of more than 
8 times. The eggs of eel No. 96 thus show an enlargement by 
volume of about 16 — 17 times. The largest diameter measured 
in any single egg was 0.5 mm. 

Less impressive than the percentage increase by volume, 
yet more impressive than the percentage increase in diameter 
IS the percentage increase in area of cross sections. This is’ 
evi ent from Figs. 3 and 4, which show eggs from ovaries 
ot untreated and treated silver eels. 
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Fig. 3. 

(,Fi om Naturhistorisk Ticlende (1941, p. 90) , with permission) . 
Section of ovaries, to the left of an untreated female silver eel, to 
the light of a female treated with Physex + Hexoestrol; average egg 
diameter 0.161 and 0.375 mm., respectively. 


Measurements of the average diameter of eggs of the 
treated eel of Fig, 3 taken a long time after fixation gave only 
0.32 mm., so like also some other eggs they had apparently 
shrunk somewhat. The figure 0.32 is plotted in Figs. 2 and 5 
for this eel to make it more comparable with the other eels. 
The eggs of this eel were not loosely attached in the ovary. It 
will be seen from Fig. 3 that the nuclear membranes of the 
eggs are still visible. 

The total length of the silver eels in the control material 
plotted to the left in Fig. 2 was 49 — 80 cm. Our silver eels 
varied from 48 — 83 cm. The eight experimental eels with eggs 
exceeding 0.35 mm. in diameter were 58 — 83 cm. long. 

The interval between injections was varied between 3 — 4 
days and 3 weeks. In Fig. 5 the egg diameters are plotted 
against the average interval between injections, as obtained 
by dividing the duration of the injection period in weeks by 
the number of injections given. 

It was a priori most reasonable to expect more marked ef- 
fects with small intervals between the doses than with large 
intervals, and it seems that this expectation is fulfilled in the 
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, 0.1 ^•*’0.7 °®q.9 

|i t til. ■..'in ■>!-.. .l.trt fut. I....II... I.tini.iil 


Fig. 4. 

Above: eggs of eel No. 96 injected with Physex + Hexoestrol. 

Below: eggs of untreated control eel No. 1. 

experiments with Physex alone, though admittedly they are 
too few for a final conclusion to be drawn. But in the Physex- 
Hexoestrol experiments longer intervals between the injec- 
tions appear to bring about more marked effects (i. e.. larger 
eggs). We are inclined to ascribe tliis to an inhibitory action 
of Hexoestrol on the pituitary gland. Physex is a chorionic 
gonadotrophin and has no gonadotrophic activity in hypo- 
physectomized animals. Its effect may therefore be supposed 
to be aided by a pituitary component (references by Hambur- 
ger, 1933, and Burrows, 1945). There is much to indicate that 
the internal secretions of the ovary may inhibit the gonado- 
trophic function of the pituitary {Moller-Christensen, 1935). 
A similar inhibition by Hexoestrol may perhaps explain the 
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Egg diamder 
mm. 



Correlation between egg diameter of silver eels and interval between 
injections of chorionic gonadoti-ophin (Physex). 


+ Controls (from Mobius, 1887; Williamson, 1895; and d' Ancona, 1939). 
X Own controls. 

• Physex h Hexoestrol (1 mg. per 500 I. U. of Physex) . 
o Physex alone. 


less marked effects of Physex, the inhibitory action on the 
pituitary gland of Hexoestrol not having ceased between one 
injection and the next when the interval is short, whereas it 
has probably ceased if the interval is made sufficiently long. 

Acting on this hypothesis and on the indication of Fig. 2 
that large eggs may be obtained with still higher doses, we 
have planned experiments with still higher doses of Physex 
given at intervals of three weeks between the injections, and 
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also injections with Hexoestrol + a non-chorionic gonado- 
trophic substance known to act in hypophysectoniized ani- 
mals, so that a possible inhibitory action of Hexoestrol on 
the pituitary gland may be expected to be of no consequence. 
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SUMMARY 

Intraperitoneal injections of chorionic gonadotrophin 
(Physex Leo) into male European silver cels produced full 
sexual maturity. 

The intraperitoneal injection of chorionic gonadotroj)hin 
(Physex Leo) into female European silver eels, together 
with a synthetic non-steroid oestrogen (Hexoestrol A. B.) 
given intramuscularly, produced growth of the eggs up to 
a diameter of 0.50 mm. Physex alone was also effective, but 
the effect was less marked. The largest egg diameter ever 
measured in non-injected silver eels is 0.31 mm. [d’Ancona]', 
usually such eggs measure 0.10—0.25 mm. 

Experimentally produced large eggs (exceeding 0.35 mm. 
in diameter) were loosely attached to the ovarjC a sign of 
approaching maturity. 

A positive correlation was observed between hormone dose 
and effect. 

In the Physex-Hexoestrol experiments longer intervals be- 
ween the injections led to a more marked effect than did 
the shorter intervals. 
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From the Histological Laboratory, University of Amstci-dam. 

(Professor G. C. Hcringa, M. D.) 

THE EFFECT OF THE HYPOFUNCTION OF THE 
THYROID GLAND, INDUCED BY METHYL-. 
THIOURACIL, ON THE PHOSPHATASE ACTIVITY 
OF SOME ORGANS AND ON THE PROCESS OF 
OSSIFICATION IN THE RAT AND IN 
THE GUINEA-PIG 

BY 

D. B. KROON 
INTRODUCTION 

This paper gives an account of changes in llie alkaline- and 
acid phosphatase activity and of some histological changes in 
several organs (kidney, liver, spleen, testis, ovary, thyroid 
gland, adrenal gland, hypophysis) and in the developing ske- 
leton of rats and guinea-pigs, which- have been treated with 
methylthiouracil (antibason. Organon Ltd., Oss.). 

The phosphatase activity was not only delerniined bio- 
chemically by the method previously described {Kroon et aL 
1945, 1948), but the histochemical localization was studied by 
Gomori’s method, modified and improved in our laboratory by 
Rmjter & Neumann (1949). The results obtained by this im- 
proved biochemical technique suggest that the blackening of 
the nuclei, which is attributed by many authors to the nuclear 
phosphatases, is not due to the ferment reaction, and is only 
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an artefact. It is probably due to the liberation of phosphate 
which combines with the calcium ions present in the solution 
to produce a precipitate of calcium phosphate, in addition to 
which other insoluble calcium compounds may also be form- 
ed. In using the improved technique, the blackening of the 
nuclei is prevented (the dark colour of the nuclei in the fi- 
gures of sections treated according to Gomori-Ruyter, noted 
in this publication, is due to contrast-staining with ten times 
diluted Ehrlich’s haematoxylin). 

The results recorded in this paper are part of more exten- 
sive experiments on the quantitative relation between a change 
in the function of an organ and the activity of the phospho- 
monoesterases. With this object in view we started in the first 
instance by a consideration of the different metabolic levels 
which can be induced, partly by the administration of anti- 
thyroid substances such as methylthiouracil and partly by the 
administration of thyroxin. This communication will deal ex- 
clusively with the effect of the hypofunction of the thyroid 
gland on the phosphatase activity of some organs and on os- 
sification. 


METHODS AND MATERIAL 

Rats and guinea-pigs were used as experimental animals. 
The age of the rats varied from I — 3 months, that of the 
guinea-pigs from 3 — 4 months. Experimental and control ani- 
mals were always of the same sex and were litter-mates. 

Methylthiouracil (antibason) was used as the antithyroid 
substance and was supplied in a pure form by Organon LW. 
The rats received daily doses of 25, 50 or 75 mg. , guinea-pigs 
a daily dose of 100 mg. The drug was either mixed with the 
food or suspended in the drinking water with 0.1 per cent 
agar. The treatment lasted for 2 — 4 weeks mostly. 

In accordance with the results of other investigators we 
found that the rats reacted very rapidly to antibason treat- 
ment with loss of weight. We never observed this in guinea- 
pigs. This phenomenon is rapidly reversible, for a discon- 
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tinuation of antibason administration is immediately followed 
by an increase in weight. It was evident that the temperature 
at which the rats were kept had a marked effect on this loss 
of weight. 

Rat (fig. 1) which received a daily dose of 50 mg. anti- 
bason, was subjected to low room-temperatures, particularly 
at night. After a few days the body-weight rapidly decreased, 
while the control-rat IF, subjected to the same conditions, 
showed a normal increase in body-weight. Under such condi- 
tions the »antibason«-rats usually die within 3 weeks. 

If, however, rats treated with antibason arc kept at a con- 
stant temperature of 30° C no loss of weight occurs and the 
body-weight remains the same (rat F fig. 1) and can he kept 
at this level for months, by daily doses of methylthiouracil. 
Rat F is the control of rat F. 
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ratuTOTriTtf to low Icmpc- 

aturcs, during the administration of anliliason, for even after 

prolonged treatment with large doses -.lieir l,od«rt In- 




oronscs jionnally. when liie aniinnls arc kepi al low 
lures. Lalor, in Ihe discussion on llie changes in Uie 
ghuul, I will relnrn lo Ihe effccl of lcnii)eralure. 


tempera- 

piluilar.y 


1 lu' l)iocheinicaI jiliosphalase delcrminalions were per- 
formed l>y :i macro method clahnralcd in our iahoralory; for 
c:ich delcrtninalion 0.1 ml, organ-cxlracl was needed (/vroon 
vl al., iota). I'or Ihe smaller organs of inlcrnal secretion a 
micro method was used; O.OI ml. of an organ-extract was suf- 
ficient for each determination {Kroon ct al., 1018). As far as 
possible the pll activity curves were determined. For a discus- 
sion of their significance I refer lo both above mentioned ar- 
ticles. 

I'or histological examination, the tissue was fixed, in the 
majority of cases, in Ffubl’s mixture without addition of acetic 
acid: for the hislocheinical phosphatase localization by the 
(lornori-Huyler method we fixed in 80 jier cent alcohol. The 
siu’ciniens were embedded in paraffin. :md the sections stained 
with h.aemaloxylin-eosin or with the Mallory-IIeidcnhain me- 
thod. 'I'ho sections of the hypophysis were differentiated with 
Iluyler's : Du.'izorc-slaitiing (liitt/lcr, 19-18). 

,-\s slated al)ove. (loinori's method, modified by Ruylcr and 
Neumann, was used for the liislocheinical localization of the 
alkaline-phosi)halase. 


RESULTS 

Kiilni'ij.s. As a constant i)hcnomcnon a considerable de- 
crease in the alkaline phosphatase activity, in some cases 
amounting lo at) i)cr cent, was observed in the kidney of ani- 
mals treated with anlihason. while the acid-phosphalasc ac- 
tivity remained virtually unchanged. Experiments in vitro 
have demonstrated Ih.al mclhyllhiouracil, added in various 
concentrations to an organ-extract has, as such, no effect on 
the phosphatase activity (Sec table 1). 

In table 2 the average values of determinations in 13 >anli- 
hason-rals and in 13 control-rats arc recorded. The phosphat- 
ase activity is, in this i)aper. cxi)rcsscd in Bodansky-unils. 
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Table i (Kidney). 

Phosphatase activity (expressed in mg. liberated P) at various 
concentrations of antibason in an organ extract. 


Concentration of 
antibason in the 
reaction mi.xture, 
mg./ml. 

Phosphomonoesterase 

I 

Phosphomonoesterase 

II 

liberated P 
(in niR.) 

, liberated P 

(in mg.) 

0 

1.94 

1.02 

0.01 

1.82 

0.99 

0.1 

1.82 

0.96 

0.5 

1.84 

0.96 

1.5 

1.94 

0.90 

3 

2.12*) 

■ 

0.89 


*) At this very high concentration, which is never attained in vivo, 
a small activation occurs. 


Table 2 (Kidney). 

Acid and alkaline phosphatase activity of the kidney of »antibason«- 

rats and control rats. 


Control-rats 

1 

”Anlibason”-rals 

pH 5.4 

459 B.U. 

pH 10.0 
2739 B.U. 

pH 5.4 

455 B.U. 

pH 10.0 

1 1471 B.U. 


i able o (Ividncj'). 

Acid a„d alkaline pi, ospl,atasc activity of ||,o kidney of ..antiPason.- 

ffUIliea-pifi’S and rnnfml 


Control-guinea-pigs 

AnUhason’‘-guinea-pigs 

p H 5.4 j 
100 B.U. 1 

pH 10.0 
1627 B.U. 

1 pH 5.4 

105 B.U. 

pH 10.0 
945 B.U. 


Acta endocrinol. Vol. 2. III. 

16 
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Fig. 2. 

Kidney of hypothyroid rat; reduced phosphatase activity especially 
in the pai'tes rectae of the portiones principales. Technique: Gomori- 
Ruyter; nuclear stain: 10 X diluted Ehrlich’s haematoxylin. 86 X. 

tivity is also less in guinea-pigs. In table 3 average values of 
determinations in three experimental and in three control- 
animals are recorded. 

The histochemical sections according to Gomori-Ruyter, 
which were made exclusively from the kidney of the rat, 
proved that the decreased phosphatase activity was localized 
especially in the partes rectae of the portiones principales of 
Henle’s loops. The parts clearly showed a less pronounced 
blackening than did the corresponding parts of the control 
kidney (figs. 2 and 3), while in the proximal convoluted tu- 
bules of the renal cortex practically no differences could be 
seen. I never observed any changes in the histological structure 
of the kidney of »antibason«-animals. 

Liver and spleen. The administration of antibason in rats 
is • followed by an increased alkaline phosphatase activity in 
both these organs. This is more pronounced in the liver than 
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Fig. 3. 

KMney of normal control rat. Tochnlquof Gomori-Ruyler; nnclcar 
stain: sec figure 2. 86 X. 

in the spleen. The acid phosphatase activity diminishes some- 
what in the liver, and does not change at all, or only very 
slightly, in the spleen. Antibason did not induce changes in 
guinea-pigs. See table 4 for the liver of the rat (average values 
from 10 determinations) and table 5 for the liver of the guinea- 
pig (average values from 3 determinations). 

As I performed a less extensive investigation of the spleen 
I have not sufficient data for this organ at my disposal. 

Tabic 4 (Liver). 

Acid and alkaline phosphatase activity of the liver of »antibason«- 

rats and control rats. 


Control-rats 

’’Antibason”- rats 

pH 5.4 ! 

pH 10.0 

pH 5.4 ■ 

pH 10,0 

392 B.U. 

36 B.U. 

337 B.U. 

66.3 B.U. 


16 * 
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Tabic 5 (Liver). 

Acid and alkaline phosphatase activity of the liver of »antibason«- 
guinca-pigs and conti’ol guinea-pigs. 


Control-guinea-pigs 

’’Antibason"- 

-guinea-pigs 

pH 5.4 

152 B.U. 

pH 10.0 

21 B.U. 

pH 5.4 

148 B.U. 

pH 10.0 

19 B.U. 


The liver had our special attention as a similar change in 
the phosphatase activity (an increase of the alkaline and a de- 
crease of the acid) of the same percentage magnitude was ob- 
served in our laboratory by Neumann (1948) in mice, which 


had been kept on a diet with a low' carbohydrate and a high 
fat content. The question whether the liver metabolism in 
hypothj'roid animals undergoes similar changes as in these 
dietetic experiments wall he further investigated. 

Neumann (1948) suggests that the increased alkaline- 
phosphatase activity in his experiments »might play a part in 
the synthesis of glycogen from other substances than glucose«. 
In this connection it is interesting to note that at the histo- 
chemical localization of glycogen (by Best’s method) in the 
liver of a hypothyroid rat, which had lost considerably in 
weight, it appeared that this liver contained a fairly large 
quantity of glvcogen. This glycogen w'as especially localized 
around the central veins. The liver of the control-rat also con- 
tained glycogen, which was, however, more diffusely distri- 
buted. Histological changes in the liver were never seen in 
»antihason«-animals. 


Testis and ovary. Widely divergent and often contradictoiy 
results were obtained in the phosphatase determinations The 
dispersion of the phosphatase activity was 
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lium as well as of the connective tissue; in other cases there 
was a partial atrophy, while in some animals spermatogenesis 
was absolutely normal. In most cases of atrophy the activit>% 
especially of the alkaline phosphatase, had diminished, al- 
though in some cases it was within normal limits. In the ova- 
ries of hypothyroid animals, the phosphatase activity showed 
differences in some cases, while in other cases no alterations 
occurred. Only extensive statistical investigations taking into 
account age, function, generation etc. will make it possible to 
obtain an insight into this problem. This is certainly impor- 
tant, for it is just these marked physiological variations which 
make these organs such suitable material for the study of the 
relation between functional condition and phosphatase ac- 
tivity. 

Thyroid gland. After administration of methylthiouracil 
the thyroid gland increases considerably in size and becomes 
hyperaemic. The average weight of the normal thyroid of 
control-rats was 12.5 mg.; in the »antibason«-rats this weight 
was 5 — 6 times as great. In the guinea-pig the average normal 
weight was 66.6 mg., wdiile the »antibason« thyroid gland had 
a weight of 260 mg. The ratio behveen dry-weight and wet- 
weight (determined in 6 normal thyroid glands of rats) was 
5.5. The same ratio determined in 6 »antibason« thyroid glands 
was 4.3. Hence the dry substance definitely increases in these 
latter animals. The organs were weighed, one after the other, 
on a microbalance. Drying was performed by the »frcezing- 
drying« method. As a consequence mitoses could always be 
seen in the sections (fig. 4; fig. 5 is of a normal thyroid gland) . 
The »antibason« thyroid shorvs the histological picture of a 
hyper-active thyroid gland. This apparently paradoxical phe- 
nomenon has been explained by the experiments of Astwood 
and others, which proved that Ihiouracil blocks the thyroxin 
production. This results in a thyroxin deficiency in the orga- 
nism, stimulating the pituitary gland to increased thyrotrophic 
function. This in turn brings about a hyperactive state of tlie 
thyroid which is represented in the histological picture by 
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Fig. 4. 

Hyperactive thyroid gland of an »antibason«-rat (at first 25 mg.- 
later on 50 mg. for 23 days); 3 mitoses. Technique; Pfuhl-Duazor' 

460 X. 



Fig. 5. 

Normal thyroid gland of a control rat. Technique; Pfuhl-Huem.-Eos. 

460 X. 

follicles with high cells and containing practically no colloid. 

In the phosphatase activity of the »antibason« thyroid 
gland, which was determined by the micro method, an in- 
crease was found on the alkaline side, while on the acid side 
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the change was less marked. In table 6 the average values ot 
determinations made m 7 rats are recorde . .. 

Table 6 (Thyroid). 


Acid and 


alkaline phosphatase activity of the thyroid of >>antibason« 
rats and control rats. 


Controt-rats 

”Antibason”'rats 

pH 5.4 

66 B.U. 1 

pH 10.0 
176 B.U. 

pH 5.4 

74 B.U. 

pH 10.0 
220 B.U. 


In guinea-pigs we found no distinct differences between the 
phosphatase activity in the hyperactive thyroid gland and of 
the normal glands. Table 7 gives the average figures of 4 »anti- 
bason«- and 4 normal guinea-pigs. 

In the normal guinea-pig the activity of the acid phospha- 
tase is greater than in the rat, while that of the alkaline phos- 
phatase is lower. 


Table 7 (Thyroid). 

Acid and alkaline phosphatase activity of the thyroid of »antil)ason«- 
guinea-pigs and control guinea-pigs. 


Control-guinea-pigs 

’’Anlibason" 

-guinea-pigs 

pH 5.4 

pH 1 0.0 

pH 5.4 

pH 10.0 

178 B.U. 

90 B.U. 

190 B.U, 

83 B.U. 


Interesting is the histochemical localization of the phos- 
phatase in the hj^mractive »antibason« thyroid gland. In the 
normal thj'Toid of the rat the phosphatase is found exclusively 
in the endothelium of a few scattered capillaries. In the hyper- 
active thyroid gland all endothelia of the distended blood-ves- 
sels have become phosphatase-positive (figs. 6, 7 , and 8). It 
can obviously be assumed that the increased phosphatase ac- 
tivity in the endothelium is related to the increased secretion 
of colloid into the blood. This question will be further investi- 
gated since the phosphatase is exclusively found in the cajjil- 
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Fig. 8. 
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Fig- 6. 

gland of a rat (50 mg. 


«Antibason« thyroid gland of a rat (bu mg. antibason daily for ,1 
month) according to Gomori-Ruyter. All endothelial cells of the wi e 
bloodvessels are phosphatase-positive. Nuclear stain, see figuie 2. 

1.50 X. 


Fig. 7. 

Control section of the same ))antibason« thyroid. Technique: Gomori- 
Ruyter, using calcium nitrate instead of ^-calcium-glyccro-phos- 
phate. Nuclear stain: see figure 2. 150 X. 


Fig. 8. 

Gomori-Ruyter section of the thyroid of a control rat. The endo- 
thelial cells are phosphatase-positive in certain places only. Nuclear 
stain: see figure 2. 150 X. 


lary endothelium in other endocrine organs, loo (as will be 
seen below). In some cases this localization is limited to de- 
finite parts of the gland. 

Pituitary gland. In the »antibason«-rats the weight of the 
pituitary gland had decreased to + 50 per cent. In control-rats 
the weight of the pituitary gland was ± 12 ing., in the »anti- 
bason«-rats + 6 mg. In a few of my determinations I found 
that the alkaline phosphatase in the »antibason« pituitary 
gland was slightly increased (normal 180 — 200 B. U. at pH 
10.0). No phosphatase determinations were made in the hypo- 
phj^sis of the guinea-pig. As the hypophysis of »anlibason«- 
rats was very small, I had not enough organ-extract at my dis- 
posal for the determination of the acid phosphatase. In the hi- 
stological examination we found considerable alterations in 
the anterior lobe of the pituitary of »antibason<(-rals. The a- 
cells are either absent, or their number is diminished and the 
few which are still present have become small cells containing 
a few red granules, surrounding the nucleus. The /(-cells, on 
the other hand, show a marked activation, characterized by 
large vacuolized hypochromatic elements, whereas hyperchro- 
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Fig. 9. 

Hypophysis of a rat treated with antibason (50 mg. daily for 1 
month). Activated y9-cells, no a-cells- Technique: Pfuhl-Duazor. 460 X. 



Fig. iO. 

Normal hypophysis of a control rat. Teclmique: Pfuhl-Duazor. 460 X. 


matic forms with a pyknotic nucleus also occur (figs. 9 and 
10). This supports the opinion, held by many authors, that the 
thyrotrojihic function of the hypophysis is associated with the 
^-cells, as we already know that the pituitary of »antibason«- 
rats has an increased thyrotrophic function. In the »antibason«- 
guinea-pig I never found this appearance in the hypophysis. 
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The a-cells do not alter and the y?-cells do not show activation. 
In this connection it is important to note that the hypophysis 
of the guinea-pig has only a very small thyrotrophic activity 
{Loeb, 1932, and Brolin, 1945). It can thus he understood that 
this gland will react only very slightly when the thyroxin-con- 
tent of the blood is decreased. The disappearance in the rat 
of the acidophilic cells under the influence of antibason and 
the fact that these cells do not disappear in the guinea-pig, 
agrees with the finding that there is a disturbance in the 
growth of the rat’s skeleton but not in that of the guinea-pig. 
That these tivo , facts are related to each other is made verj' 
probable by the character of the histological changes in the de- 
veloping skeleton of the rat (these changes will be discussed in 
the following part of this jjaper, while the histological picture 
of the developing skeleton in the »antibason«-guinea-pig re- 
. mains absolutely normal. 

Here I wish to refer to a publication by Brolin (1945) on 
the structural and hormonal reactions found in the anterior 
lobe of the hypophysis of rats which have been subjected to 
low temperatures. The regulatory effects of the anterior lobe 
of the hypophysis were particularly studied. 

The physiological mechanism is similar to that which oc- 
curs when methylthiouracil is administered: due to cooling, 
the thyroxin demand of the organism is increased and this 
stimulates the hypophysis to an increased thyrotrophic func- 
tion. The histological alterations, which Brolin observed in his 
rats exposed to cold, have an astonishing similarity to the 
findings with antibason: identical pictures of ]lyperacti^dly 
were found in the thyroid and indentical changes of the /?- 
cells into activated hypochromatic and vacuolized elements. 
Only the acidophilic cells remain unaltered in rats exposed to 
cold. Consequently Brolin did not find any disorder in growth. 
These experiments too proved that the rat is very sensitive 
to a thyroxin-deficiency. It is easily understood that under the 
influence of the combination of two identically directed fac- 
tors, VIZ. antibason and cold, the rats react more strongly than 
under the influence of antibason only. 
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Fig. H. 

Gomori-Ruyter section of tlie hypophysis of an »antibason«-rat. Only 
the enclothelia of the bloodvessels in the posterior lobe are phosphat- 
ase-positive. Nuclear stain; see figure 2. 150 X. 

The histochemical examination proved that, in the pitui- 
tary the phosphatase is localized exclusively in the endothelial 
cells of the blood-vessels of the posterior lobe. Cells and blood- 
vessels of the anterior lobe are always phosphatase-negative. 
As I found no difference in phosphatase localization in the 
normal hypophyses and in the »antibason« hypophyses, I only 
show a picture of the pituitary of an »antibason«-rat (fig. 11). 

Adrenal gland. The adrenals of hypothyroid rats had de- 
creased in weight (± 12 mg. for the »antibason«-rats and + 
24 mg. for the normal rats). In a few of these adrenals the 
phosphatase activity was determined. We found that the alka- 
line phosphatase activity had increased somewhat, whereas 
the acid phosphatase activity remained unchanged as com- 
pared with the control-adrenals; e. g. in the control-rat; pH 
4.4: 230 B. U.; pH 10.2: 470 B. U.; in the »antibason«-rat: pH 
4.4: 220 B. U.; pH 10.2: 705 B. U. I performed only a few de- 
terminations in the guinea-pig; the alkaline phosphatase ac- 
tivity showed a slight increase, the acid phosphatase activity 
remained unchanged: control adrenal: pH 4.4: 40 B. U.; pH 
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Fig. '/2. 

Gomori-Ruytei- section of the adrenal gland of an »anlibason«-ral 
(50 mg. daily during 1 month). Nuclear stain: see figure 2. 86 X. 
Phosphatase-positive capillaries in the cortex and some in tlic me- 
dulla. 

10.2: 2280 B. U.; »antibason« adrenal: pH 4.4: 40 B. U.; pH 
10.2: 3000 B. U. 

In a few cases I found enlarged adrenals in the guinea-pig. 
Although other authors found hypertrophy of the rat’s adrenal 
cortex following the administration of methjdthiouracil, I did 
not find any essential histological alterations in my »anti- 
bason«-rats. 

The preparations according to Gomori-Ruyter showed that 
when antibason had been administered the capillaries of the 
cortex were far more extensively phosphatase-positive than in 
the control animals. This could, as in the »antihason« thyroid, 
point towards an increased action on the part of the capillaries 
endothelium in secretion (figs. 12 and 13). It is very striking 
that this should be especially found in those capillaries which 
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Gomori-Ruyter section of the adrenal gland of a control rat. Nuclear 
stain: see figure 2. 150 X. Only a few capillaries are phosphatase- 
positive; the majority are localized in the zona glomerulosa. 


are situated more peripherally in the cortex. The wide sinus- 
oids in the medulla are always phosphatase-negative. Although 
other adrenals still have to be studied, the above-mentioned 
facts are supported by Neumann's findings in the adrenals of 
a cow. Here the adrenal cortex and medulla are easily sepa- 
rated, and the alkaline phosphatase was almost exclusively 
present in the cortex. 


The growing skeleton. Cessation of growth of the skeleton 
is one of the most striking features of hypothyroid rats. By 
administering thiouracil to rats, from birth onwards, Hughes 
(1944) obtained characteristic cretins. When the phosphatase 
activity is determined in the skeleton (e. g. in a femur, radius 
and ulna, or a rib) it appears that in cases where antibason 
has been administered, the alkaline phosphatase activity de- 
creased considerably (mostly + 25 per cent), whereas the acid 
phosphatase activity showed no changes. In guinea-pigs we 
found that the alkaline phosphatase had diminished sowewhat 
in all cases, although no disorders of growth occur in these 
animals. Table 8 (average values of 5 determinations in the 
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rat) and table 9 (average values of 3 determinations m the 
guinea-pig) .* 

Tabic 8 (Femur). 

Acid and alkaline pliosplialase activity ol the femur of aunliliasoin.- 

rats and control rats. 


Control-rats 

’’Antibason”- rats 

pH 5.4 i 
50 B.U. 

pH 10.0 
752 B.U. 

pH 5.4 1 

45 B.U. 

pH 10.0 
453 B.U. 


Table 9 (Femur). 

Acid and alkaline phosphatase activity of the femur of »antihason«- 
guinea-pigs and conti’ol guinea-pigs. 


1 

Control-guinea-pigs 

”Anlibason’‘ 

'-guinea-pigs 

pH 5.4 1 

ph 10.0 

pH 5.4 ^ 

1 pH 10.0 

40 B.U. 1 

308 B.U. 

38 B.U. 

246 B.U. 


The histological pictures of the zone of growth in the 
skeleton of hypothyroid rats, which had stopped growing, were 
very interesting. A total disappearance of the spongiosa bars 
and a reduction in the hypertrophic zone of cartilage are seen. 
This latter zone is separated from the diaphysal marrow-ca- 
vity by a transverse bone plate (figs. 14, 15, 16, 17). These 
pictures are absolutely identical with those seen in hypophys- 
ectomized rats. (Freud et ah, 1939). 

In cases of cretinism in man the skeleton shows alterations 
which are identical with those found in pituitary dwarfs 
(Weinmann & Sicher, 1947). In a publication by Todd, Whar- 
ton & Todd (1938), on the influence of thjnoid deficiencj’^ on 
the growth of the skeleton of sheep, the real cause of the 
retarded growth of the skeleton is attributed to the anterior 

lobe of the hypophysis and not to decreased basal metabolism 
as such. 
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Fig- 

Transverse tone plate (rit) in an ..anlibason. rat (after 18 1“^. 
first 50 mg. daily, later on 25 mg.). Age 2 months. Technique. Pfuhl- 

Haem.-Eosin. 175 X. 

Fig- 15. 

Epiphyseal cartilage plate of the rib of a control rat. Technique: 
Pfuhl-Haera.-Eosin. 175 X. 

Fig-i6‘ 

Transverse bone plate against the epiphyseal cartilage plate of the 
femur of an »antibason«-rat (same rat as in figure 14). Technique. 
Pfuhl-Haem.-Eosin. 175 X. 


Fig-i7. 

Epiphyseal cartilage plate of the femur of a control rat. Technique; 
Pfuhl-Haem.-Eosin. 175 Xt 


SUMMARY AND CONCLUSION 

1. In cases of a Iiypofunction of the thyroid induced bj' 
methylthiouracil (antibason), a change in the phosphatase 
'activity of the organs of rats and guinea-pigs is observed ; this 
change involves only the alkaline phosphatase, whereas the 
acid phosphatase shows no change, or only a slight one. 

2. In hypothyroid rats and guinea-pigs a decrease in the 
alkaline phosphatase activity is found in the kidney and in the 
developing skeleton. This decrease is particularlj'^ localized to 
the partes rectae of the portiones principales of the renal 
tubules and to the brushborder. 

3. An increase in the alkaline phosphatase activity oc- 
curred in the liver and spleen of hypothyroid rats. In the liver 
of the rat this increase was accompanied by a diminution of 
the acid phosphatase activity. 

4. In hypothyroid rats an increase in the alkaline phos- 
phatase activity was found in the thyroid gland, which showed 
consistently a clear picture of activation following antibason 
administration; this was seen in the hypophysis, where the a- 
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cells disappeared and the ^S-cells changed into large activated 
cells, and in the adrenal gland vfhere no marked histological 
changes were seen. The histochemical examination proved 
that in these three endocrine glands the endothelium of the. 
bloodvessels had become phosphatase-positive to a greater 
extent than in normal control glands. 

5. In hypothyroid rats we observed a reduced growth of 
the skeleton. 

6. Widely varying results were obtained when phosphat- 
ase determinations were performed in testes and ovaries of 
hypothyroid animals. 

I should like to express my gratitude to the Rockefeller- 
Foundation for its contribution which enabled me to carry 
out this investigation. 
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CHANGES IN THE ASCORBIC ACID CONTENT 
IN THE INTERSTITIAL GLAND OF THE RABBIT 
OVARY FOLLOWING GONADOTROPHIC 
STIMULATION^) 

BY 

LENNART CLAESSON, NILS-AKE HILLARP, BERTIL HOGBERG 

and BERNT HOKFELT 

Long, Sayers, and • co-workers {Sayers, Sayers, Lewis & 
Long, 1944, Sayers, Sayers, Liang & Long, 1945, 1946, Long, 
1947) have demonstrated in a series of investigations that the 
adrenocorticotrophic hormone causes a marked and rapid de- 
crease in the content of ascorbic acid in the adrenal glands. 
This reaction appears to be so specific that it can be used as 
a method of assay for this hormone {Sayers, Sayers & Wood- 
bury, 1948). Other steroid-forming cell systems have not been 
investigated in this respect. Such an investigation seems de- 
sirable, however, for the proper evaluation of the role of as- 
corbic acid in steroid synthesis. The changes in the ascorbic 
acid content of the interstitial gland of the ovary of rabbits 
following gonadotrophic stimulation have, therefore, been 
studied. 


Aided by a grant from Statens Medicinska Forskningsrfid. 
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MATERIAL AND METHODS 

Pregnant rabbits only were used in tbe experiments (12th 
day of pregnancy) as the ovaries of pregnant rabbits are 
almost entirely composed of interstitial gland — except the 
corpora lutea which are easily removed. The interstitial cells, 
moreover, are relatively inactive during pregnancy in compa- 
rison with the highly active state of the cells after admini- 
stration of 450 I. U. of pregnant mare serum gonadotrophin. 

On the 12tli day of pregnancy one ovary was removed 
(sodium N-methylcyclohexenylmethylbarbiturate anaesthe- 
sia) and at the same time 450 I. U. of pregnant mare se- 
rum gonadotrophin (Antex Leo^) was injected intravenously. 
The remaining ovary was removed after 45 min., 11 / 2 , 3, 6, 12, 
24, and 4S hours respective^ 5 ^ Immediately after the removal 
of the ovaries the corpora lutea were removed; all large fol- 
licles were punctured, and the ovaries were weighed. The ova- 
ries were ground with sand in a mortar and extracted with 
4.5 per cent trichloroacetic acid. The extracts were then 
treated with norit following which an immediate determina- 
tion of the ascorbic acid content was carried out after coupling 
with 2,4-dinitrophenylhydrazine, according to Roe, Kuether, 
and co-workers (Roe & Kuether, 1943, Roe & Oesterling, 1944, 
Mills & Roe, 1947). The colour was measured by means of a 
Spekker photo-electric colorimeter 30 minutes at the earliest 
after addition of H^SO^. 

The animals were kept on a diet of turnips, hay, and corn. 


RESULTS 

The calculation of the changes in the ascorbic acid content 
is complicated by the fact that the ovaries on gonadotrophic 
stimulation rapidly increase in weight (see Table 1 and Fig. 
1). As has been pointed out in a previous paper [Claesson, 
Diszfahisij, Hillarp & Hogberg, 1948), this increase in weight 
is largely due to hyperaemia among other causes. Even as 

1) Leo and Co., Hiilsinghorg, hove kindly placed this preparation 
at our disposal. 
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long as 24 hours after the injection, increase in the number 
of cells can represent not more than 50 per cent of the in- 
crease in the wet weight. It would thus be incorrect simply 
to state the ascorbic acid content per gm. of ovarian tissue 

after the administration of PMS._ 

For the evaluation of the changes in the ascorbic acid con- 
tent, the increased weight of the ovaries has been studied in 
a large number of pregnant rabbits (Table 1). One ovary was 
removed on injection of 450 I. U. of PMS, the other at differ- 
ent times after the injection: the ovaries were weighed with- 
out the corpora lutea. The increase in weight has been cal- 
culated in column I as the average of the increases in weight 
for the individual animals. Since it is possible, however, that 
there is a correlation between the weight of the ovaries before 


Tabic /. 

Increase in Aveight in the ovaries of pregnant rabbits (G — 12th day 
of pregnanc30 following gonacloti-opluc stimulation. One ovary was 
removed at the time of the injection of 450 I. O. of PIVIS intravenous- 
ly, the other 11/2—48 hours after the injection. The corpora lutea 
were removed. In column I the increase in weight is given as the 
average of the increases in weight in the ovaries of the individual 
animals, in column II the increase in weiglU is calculated on the 
total weight of the ovaries before and after stimulation. 


No. of 
animals 


Time 

Total weight of ovaries 

Increase in 

before 

•afler 



in hours 

.'ilimiilalion 

•slimul.Tlion 

I 



mg. 

nig. 

per cetK 



n 

jier ccnl 


20 

16 

17 

16 

22 

7 


P/2 
3 
6 
12 
24 
48 


6627 

6200 

6428 

4558 

7488 

1800 


6933 

6408 

8545 

7303 

11454 

2455 


3.7 
2.0 
34 
61 
52 
41 


4.6 
3.4 
33 
60 
53 
36 


tte stimulation .and their change in weight after, the increase 
Inn. 1, . stimulation is given in column II. It aimcars 
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mcorbic /\cid changes 



Fig. ■/. 

Changes in the ovarian weight and in the ascoi’bic acid content of 
the interstitial gland on gonadoti’ophic stimulation. The ovaries are 
removed at various intervals after an intravenous injection of 450 
1. U. of PMS. The broken line indicates the probable curve of the 
ascorbic acid changes later than 3 hours after the injection 

(see the text). 

• = values calculated according to II in table 2. 

A ~ >> » » III » » » 

It is evident from the weight curve in Fig. 1 that the weight 
of the ovaries remains practically unchanged for almost 3 
hours. After this period there is a marked and rapid increase 
in weight. It is, therefore, possible to state the ascorbic acid 
content per gm. of ovarian tissue during the first three hours 
following the PMS-injection without introducing any error. 
Later on it is possible to state only the limits within which 
the correct values are to be found. As in a previous study in 
which the calculation of the lipid changes in the ovary was 
carried out (see Claesson, Diszfalusy, Hillarp & Hogberg, 
1948), the ascorbic acid content is given in the present report 
partly on the basis of the weight of the ovary first removed 
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(column 11 in Table 2), and partly on the basis of a weight 
calculated on the assumption that half the increase in weight 
is caused by an increase in the number of cells column III). 
The first method of calcnlation gives the upper limit and the 
second the lower limit of the values of the ascorbic acid con- 
tent. For the period between 6 — 12 hours after the injection 
of PMS,. the real values will probably lie nearer the upper 
limit than the lower, since no considerable increase in the 
number of cells in the interstitial gland can have occurred 
at such an early stage. It is more likely that hypcraemia, in- 
creased tissue fluid, etc., play the most important role in the 
increase in weight. 

It appears from Table 2 that the interstitial gland has a 
relatively high ascorbic acid content {average = 0.70 ± 0.14 
mg./gm.). As early as 45 minutes after the injection of 450 
I. U. of PMS the ascorbic acid content was considerably low- 
ered (average = 21 per cent) . This decrease continued rapidly 
for another 45 minutes (average = 31 per cent) after which it 
occurred much more slowly (average = 35 per cent at 3 
hours). After this period it is no longer possible to register 
exactly the course of the changes, but, taking into considera- 
tion the analysis of the increase in weight of the ovaries pre- 
sented above, it seems very probable that changes in the as- 
corbic acid content can be represented by the broken curve 
shown in Fig. 1. According to this curve, the decrease readies 
a maximum of 35 to 40 per cent between 3 and 6 hours. After- 
wards a slow increase occurs in the ascorbic acid content 
which reaches normal or even higher values 24 and 48 hours 
after the injection. — It seems also evident from the course of 
he curve between 0 and 3 hours that the curve helween .3 .-md 
hours must in fact, lie nearer the upper limit values. 

value f ra„tr“ ^1 'Zt'rr’: 
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Before stimulation ' 



After stimulation ~ ~~ 

Weigh! of 
ovaries j 

Ascorbic acid 
content 


I 

WeifTht of 
ovaries 

Ascorbic , 
acid content ] 

Change in 
ascorbic 
acid 

nif?- 

mg./gm. 



mg. 

mg./gm. 

content 

per cent 

189 

0.71 

45 

min. 

180 

0.58 

—18 

286 

0.85 

» 

» 

293 

0.72 

—15 

293 

0.74 

» 

» 

263 

0.65 

—12 

335 

0.54 

» 

» 

412 

0.35 

—35 

455 

0.80 

» 

» 

580 

0.56 

—30 

207 

0.65 

>1 

» 

210 

0.55 

—15 

289 

0.51 

iy2 hi-s. 

352 

0.33 

-35 

187 

0.62 

» 

» 

176 

0.48 

-23 

577 

0.35 

» 

» 

619 

0.25 

-29 

355 

1.02 

» 

» 

356 

0.63 

-38 

261 

0.73 

» 

» 

303 

0.51 

-30 

161 

0.64 

3 ] 

lirs. 

185 

0.48 

—25 

326 

0.45 

» 

» 

374 

0.29 

—36 

146 

0.86 

» 

» 

191 

0.49 

—43 

665 

0.65 

» 

» 

681 

0.41 

-37 






II III 

II III 

229 

0.71 

6 ' 

hrs. 

320 

0.43 0.36 

-39 -49 

176 

0.65 

)) 

» 

227 

0.48 0.37 

—26 -43 

92 

0.87 

» 

» 

141 

0.55 0.36 

—37 -47 

243 

0.87 

12 

hrs. 

504 

0.67 0.44 

—23 -49 

215 

0.70 

» 

» 

377 

0.46 0.40 

—34 -43 

199 

1.10 

» 


328 

0.93 0.70 

—15 -36 

123 

0.73 

» 

» 

268 

0.69 0.45 

—5 -38 

201 

0.87 

)> 

» 

377 

0.47 0.33 

—47 -62 

297 

0.84 

» 

» 

546 

0.74 0.52 

—12 -38 

211 

0.69 

24 

Ill’s. 

236 

0.68 0.64 

-1 -7 

346 

0.68 


» 

526 

0.81 0.54 

+19 -21 

130 

0.58 

» 

)) 

230 

0.62 0.44 

+7 -24 

120 

0.75 

» 

» 

200 

1.08 0.65 

+44 -13 

174 

0.66 

» 

» 

300 

1.55 1.14 

+135 +73 

540 

0.64 

» 

» 

583 

0.71 0.68 

+11 +6 

249 

0.66 

48 

hrs. 

319 

0.82 0.71 

+24 +8 

172 

0.63 

» 

» 

198 

0.70 0.65 

+11 +3 

260 

0.73 

» 

» 

284 

0.77 0.74 

+5 +1 

219 

0.57 

» 

» 

336 

0.85 0.67 

+53 +18 

197 

0.63 

» 

» 

268 

0.94 0.79 

+49 +25 

246 

0.57 

» 

» 

180 

0.42 0.57 

—26 0 

111 

0.59 

» 

» 

166 

0.90 0.72 

+33 +22 

331 

0.57 

» 

» 

463 

0.68 0.57 

+19 0 




Table 2. 

Changes in the ascorbic acid content of the interstitial gland (I’ahbit 
ovaries, 12th day of pregnancy) on gonadotrophic stimulation. The 
first ovary was removed immediately before an intravenous injection 
of 450 I. U. of PMS, the second was removed at varying intervals 
after the injection (I). — The ascorbic acid content of the stimulated 
ovaries which were removed later than 3 hours after the injection is 
calculated on the wet weight of the ovary first removed (II) as well 
as on its own wet weight reduced as described by CIncssov, Diszfa- 
lusy, Hillarp S Hogberg, 1918 (III). 


DISCUSSION 

Following gonadotrophic stimulation there is a rapid and 
maUced reduction in the ascorbic acid content of the inter- 
stitial gland of the ovary similar to that found in the adrenal 

'lorftere). The curve of the ascorbic acid clinniies in 11, c rolildl 

of 

1946,. ,1 seems somSatTremre’ W "'fV 

conclusions whatever concern;. ’ ” 'I™"’ any 
acid in steroid synti.esis in thcTe orgm,l" 
ascorbic acid content is high in the sf a” 

Stems, but other endocrine e rt J)roducing cell sy- 

(pars anterior and intermediaTwI'if' '’“''“•■‘''•V Sland 

a high ascorbic acid content (for r f ° niedulla. have 

furthermore a marked , -eduction inT"“" KlhS); 

0 the anterior lobe of the pituitary cln" '""'ent 

luone secretion has also been i ^ ® "’creased I,oi-- 

The question ty eetT^^^ »cr,.Z. 

tte ase'„rt“ note that the changes i„ 

stration of PMS Th« • rapidly after ihn j • 

rr- » “rs: 'r "» 
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SUMMARY 

The changes in the ascorbic acid content of the interstitial 
gland of the ovary were studied in pregnant rabbits (12th day 

of pregnancy) at different periods of time (45 minutes 48 

hours) after an intravenous injection of 450 I. U. of pregnant 
mare serum gonadotrophin. The gonadotrophic stimulation 
produces a marked and rapid reduction in the ascorbic acid 
content (21 per cent after 45 min., 31 per cent after 1% hour 
and 35 per cent after 3 hours), probably reaching a maximum 
between 3 and 6 hours after the injection. Later there is a 
slow increase in the ascorbic acid content to normal or higher 
values after 24 and 48 hours. 
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From the Hormone Department of the State. Serum Institute, 
Copenhagen, and from the Radium Centre, Copenhagen. 

testosterone treatment and 
17-KETOSTEROID EXCRETION 

INVESTIGATIONS ON THE INFLUENCE OF THE MODE 
OF ADMINISTRATION UPON THE ABSORPTION AND 

EXCRETION OF TESTOSTERONE PROPIONATE*) 

BY 

CHRISTIAN HAMBURGER and SIGVARD KAAE 

The production and release of the hormones from the 
endocrine glands are regulated according to the immediate 
demand of the organism by the nervous system and by the 
finely balanced interrelationship existing between these 
glands. In normal conditions, the secretion is assumed to be 
a fairly continuous process. 

When the sexual and adrenal cortical hormones are used 
therapeutically in order to substitute a decreased production, 
the most commonly used parenteral mode of administration 
has consisted of intramuscular injections of oily solutions, 
given twice or three times weekly. This method of administe- 
ring the hormones must, however, be regarded as rather un- 
physiological, as the concentration of the substances in the 
circulating blood wall necessarily change from excessively high 


) Paper road at the meeting of the Danish Society for Endo- 
crinology May 2, 1949. 
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to very low values. The utilization of the hormones has been 
shown to be rather incomplete when given in this way. In the 
last decade much work has been done in order to elaborate 
more economical methods of administration. 

A more continuous absorption, and hence a more uniform 
level of the particular hormone in the blood, could be obtained 
by shortening the intervals between the injections, but fre- 
quent injections are a serious draw-back in practice. 

The observation obtained in animal experiments that cer- 
tain compounds of steroid hormones and fatty acids are more 
slowly absorbed from the oil deposits than the free hormones 
has been used clinically with much success. The prolonged 
physiological effect of these esters was demonstrated for 
oestrogenic substances as far back as 1931 by Butenandt. The 
prolongation of the effect was originally believed to be due 
to a slow saponification of the esters in the blood stream, but 
the fact that the superiority of the esters to the free hormones 
is lost when they are given intravenously, proves that a de- 
layed absorption rate must be the decisive factor. The question 
has been treated thoroughly and systematically in the classic 
investigations of Deanesly & Parkes (1937, 1938), Miescher et 
al. (1937), and Pedersen-Bjergaard (1939), where further re- 
ferences may be found. The effectiveness of the esters is 
dependent on the length of the acid side chain. The most 
satisfactory compound of testosterone has been found to be 
testosterone propionate, which combines a high biological 
activity with a fairly prolonged effect, and this compound is 
the most widely used of the testosterone esters. 

It is, however, possible to approach the physiological con- 
ditions still more closely by administering the hormones as 
dry substances either by injections of a suspension of crystals 
or by implantation of compressed tablets. This therapeutically 
important achievement can be traced back to the excellent in- 
vestigations of Deanesly & Parkes (1937) on the various 
factors influencing the effectiveness of administered hor 
mones. The effectiveness of testosterone propionate was found 
to be enhanced by increasing the amount of oil, since the 
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absorption was slower from the larger oil deposits. \\ hen 
dealing with some other androgenic substances less soluble 
in oil it was found that the more concentrated oily solutions 
were more effective. The explanation of this phenomenon was 
that the substances crystallized out shortly after the injec- 
tion and that the absorption from the crystals w^as a slow' pro- 
cess. When implanting compressed tablets it w'as furthermore 
possible to determine the rate of absorption fairly accurately 
by removing, cleaning, drying and weighing the residue of 
the tablet at the end of the experiment. 

The rate of absorption from the tablets is dependent on 
the chemical composition of the tablet, on its form (disc- 
shaped, cylindrical, or spherical) and on the degree of com- 
pression, as w'ell as on the reaction of the tissues surrounding 
the tablet. Deanesly & Parkes (1937) found that tablets of 
testosterone propionate w'ere absorbed more slowdy than those 
of free testosterone, a finding w'hich w’as confirmed by Emmens 
(1941) who, in experiments on rats, obtained a fair agree- 


ment between theoretically calculated and actually observed 
rates of absorption from disc-shaped tablets. The absorption 
from the tablets towards the end of their lives wms somewdiat 


higher than expected, presumably because erdsion of the 
tablets resulted in relative increase of the surface. 

Loeser (1940) examined the fate of subcutaneously im- 
planted steroid hormone tablets in man and found the rale 
of absorption greatly dependent on the site of implantation, 
the absorption of some tablets being impeded by the develop- 
ment of a tough fibrous layer surrounding them. 

It may perhaps be appropriate to emphasize that w'hen the 
number of uniform tablets implanted under identical condi- 
tions is increased, the amount of substance released is in- 
creased, but the duration of absorption is not prolonged. 

The duration and intensity of the effect of crystalline sus- 
pensions of desoxycorticosterone acetate have been determined 
by Mekr, Gasche & Frey (1946) in experiments wdth adrenal- 
ectomized dogs and rats. From these interesting investiga- 
tions It appears that the injection of crystalline suspensions 
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were superior to the injection of oily solutions both as regards 
the duration of effect and the utilization of the hormone The 
significance of the shape of the crystals, their size and absolute 
amount was also clarified. 

Beside the above-mentioned methods of administration of 
steroid hormones, the percutaneous and oral applications have 
been used clinically. The absorption of steroid hormones 
through intact skin is evident from the asymmetrical develop- 
ment of the mammary gland obtained by the one-sided inunc- 
tion of alcoholic solutions or ointments containing oestrogenic 
substances. The quantitative aspect of the percutaneous ab- 
sorption of testosterone propionate was the subject of some 
clinical investigations by Foss (1939); when administered to 
a castrated man, 2 to 3 times as much hormone was needed 
when given as an ointment as when injected intramuscularly 
in oily solutions. For alcoholic solutions the relation of the 
percutaneous dose to the parenteral dose was 6:1 if the same 
clinical effect was to be obtained. Tager & Shelton (1941) 
observed only a very slight effect after several months’ treat- 
ment of a young hypogenital man with 14 mg. testosterone 
propionate daily in the form of ointment inunctions. When 
a local effect is desired, the percutaneous application of hor- 
mones may be useful, but in other cases the inconvenience 
of the inunctions and the poor utilization of the active sub- 
stances limit the practical usefulness of this mode of ad- 
ministration. 

Testosterone given orally is far less effective than given 
intramuscularly, the ratio of the oral to the intramuscular 
dose being claimed to be 10:1 to 30:1 (Miescher & Tschopp, 
1938, Emmens, 1939, and Emmens & Parkes, 1939). In the 
above-mentioned castrate Foss (1939) found the ratio to be 
20:1. The effectiveness of orally administered 17-methyl- 
testosterone is comparatively high, and this compound is 
widely used clinically in the form of linguettes. 

In animal experiments it is not difficult to obtain suitable 
test objects when investigating the effects resulting from 
changes in the method of hormone administration, e. g. the 
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cornification of the vaginal epithelium, the enlargement of 
the vaginal epithelium, the enlargement of the capon comb, the 
survival of adrenalectomized animals, etc., hut in man we 
arc confined to less exact criteria of response e. g. penile 
gro>vth. pubic hair development and sexual potency. On the 
basis of the clinical demonstrable improvement in several men 
suffering from hypogenitalism. Biskind, Escamilla & Lisser 
(1941) concluded that the effect of subcutaneously implanted 
testosterone tablets lasts for an average of 7 weeks. 

It is obviously desirable to possess an objective method 
for studying the absorption of the steroid hormones in man. 
As the administration of testosterone and other androgenic 
preparations is accompanied by an increased urinary excre- 
tion of androgenic substances and related compounds, this 
excretion might offer a means of estimating their rate of 
absorption. Disregarding a few investigations carried out be- 
fore the methods of extracting the androgenic substances in 
the urine were efficient, it was not until 1939 that Cook, Ha- 
milton & Dorfman, Dorfman & Hamilton, and Callow, Callow 
& Emmens succeeded in demonstrating an increased excre- 
tion of steroid substances in the urine of men treated with 
testosterone propionate. The substances were measured by 
biological methods (»androgenic substances«) and by Zim- 
mermann’s colorimetric reaction for »17-ketosteroids«. It has 
been possible to identify at least some of the compounds, and 
it may be regarded as beyond doubt that androsterone and 
its stereoisomeride aetiocholanolone are direct degradation 
products of testosterone. 

Callow, Callow & Emmens (1939) demonstrated an in- 
creased urinary excretion of 1 7-ketosteroids, and of andro- 
genic and oestrogenic substances as a result of injections of 
50 mg. testosterone propionate or more per week in 6 men. 
Hoskins et al (1939) treated four hypogenital men with 25 
mg. testosterone propionate, injected intramuscularly daily for 
9—14 days, and found an increase in the androgen excretion 

from 2 16 I U./24 hours before the treatment to 44 115 

I.U./24 hours during treatment; the high levels disappeared 
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shortly after the last injection. McCuIlagh et al. (1939) ex 
amined the androgen excretion in several normal and hypo- 
gonadal men after testosterone propionate injections. The ef- 
fect of small doses (5—10 mg.) lasted for 24 hours and that 
of larger doses for several days. Subnormal values were ob- 
tained in normal men shortly after the increased excretion. 
This depression is thought to be due to a decreased endo- 
geneous androgen production as the result of the inhibitory 
effect of testosterone upon the hypophyseal gonadotrophin 
secretion. Hamblen et al. (1939) performed 17-ketosteroid 
determinations on the urine of women treated with testoste- 
rone propionate in single doses of 10 — 100 mg. and in series 
of up to 10 injections. From the rise in the excretion it was 
calculated that from 8 to 71 per cent of the testosterone 
propionate administered was excreted as 17-ketosteroids. In 
tw'o castrated men Dorfman & Hamilton (1941) tested the 
androgen excretion on day-old chickens’ comb after admini- 
stration of testosterone propionate. After oral administration 
of 10 mg. tablets, increased androgen levels \vere already found 
in the course of the first 2 hours, but not after 48 hours. After 
intramuscular injections of oily solutions, the increased ex- 
cretion could he traced for 7 days. Implantation of testosterone 
propionate tablets in the form of 6.5 mm. long rods weighing 
15 mg. each resulted in high excretion values for 5 or 7 — 8 
weeks when the total dose was 90 or 280 mg., respectively. 

As to the metabolism of androgens in the organism and 
the chemical identification of their degradation products, re- 
ference is made to the publications of Callow (1939), Callow 
& Callow (1940), Dorfman & Hamilton (1940), Schiller, Dorf- 
man & Miller (1945) , Dorfman, Horwitt, Shipley et al. (1947), 
Dorfman, Wise & Shipley (1948), Miller & Dorfman (1948) 
and Devis & Ferin (1948). We should like to mention here, 
howmver, that not all androgenic substances are excreted as 
17-ketosteroids. Frame, Fleischmann & Wilkins (1944) found 
that testosterone, testosterone propionate, androsterone and 
dehydroandrosterone were excreted as 17-ketosteroids, where- 
as 17-methyltestosterone, 17-ethyltestosterone and several 
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other 17 -methylcompounds were not excreted as such. Reifen- 
stein et al. (1945) confirmed the inability of methyltestoste- 
rone to raise the 17-ketosteroid content of the urine, and 
found on the contrary, decreased values (hypophyseal inhibi- 
tion). 


OWN INVESTIGATIONS 

In the Radium Centre, Copenhagen, the usual treatment 
of patients suffering from mammary carcinoma has since 1947 
been supplemented by treatment with testosterone propionate 
(Kaae, 1949). The large quantities of hormone required made 
it highly desirable to carry out the treatment in as economical 
a manner as possible, that it to obtain the best utilization of 
the hormone. The question then arose, whether treatment with 
oily solutions, suspensions of crystals, or tablet implantations 
was to be preferred, and what effect the difference in the 
method of administration would have on the dose and fre- 
quency of administration. A mere evaluation of the clinical 
effect of the treatment was not likely to serve as a guide, and 
hence we decided to investigate what information could be 
obtained by estimating the 17-ketosteroid excretion in the 
urines of the patients under treatment. 

Technique 

The chemical determination of the urinary 17-kctosteroids 
was preferred to the biological method of assay because of 
its higher accuracy, the short time involved in the procedure, 
and the fact that an almost unlimited number of analyses 
could be carried out. The analyses were made in the Hormone 
Department of the State Serum Institute, a limited number of 
the first specimens of urines being examined according to the 
standard routine method used at that time {Hamburger, 
1948 a, b), though the »micro-methods« {Hamburger & Rasch, 
1948) were used in most cases, i. e. either the benzene-method 
or the ether-method. Since there is no essential difference 
between these methods, the method by which a particular 
analysis was performed is not recorded. 

Acta endocrinol. Vol. 2. Ill 
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The ether-method is as follows: 

1/50 of a 24-liour urine is hydrolyzed by boiling on an electric 
hot plate for 25 min. with 10 vol. per cent of 40 per cent H,S0 
After cooling the urine is extracted once by vigorous shaking with 
ether in a separating funnel. Tlie ether extract is extracted once 
with saturated NaHCOg solution, twice with 2 N NaOH solution and 
twice with water. After drying with dehydrated Na^SO^, the ether 
extract is filtered and evaporated to dryness. The residue is taken 
up in 0.80 ml. of absolute alcohol. A colorimetric reaction is then 
perfoi-med in duplicate according to the method of Callow, Callow 
cO Emmens (1938), 0.20 ml. of the alcoholic extract being mixed with 
0.20 ml. 2 per cent alcoholic meta-dinitrobenzene and 0.20 ml. 2.5 N 
alcoholic KOH. The mixture is left in the dark for 60 min. at a 
temperature of 25° C, and diluted with 9.4 ml. of absolute alcohol. 
The colour is measured in a Coleman spectrophotometer at 530 mu 
and 470 mp, and by means of a nomogram for correction for un- 
specific chromogenic urinary compounds, the 17-ketosteroid excre- 
tion is calculated as mgy24 hrs. 


Preparations and injections 

The following preparations have been used: testosterone 
propionate in oily solution, with 25 mg./ml. or 50 mg./ml. 
(= »Perandren« ampoules), testosterone propionate in crystal- 
line suspension with 50 mg./2 ml. (= »Perandren« crystal- 
ampoules), testosterone propionate tablets, 100 mg. ( = 
»Perandren« implantation tablets), cis-testosterone dissolved 
in oil + benzylalcohol, 20 mg./2 ml., and a dry powder of 
crystalline (free) testosterone.*) 

The oily solutions and the crystalline suspensions were in- 
jected intramuscularly in the region of the hip; they were 
given immediately after the last specimen of urine of a 24-hour 
collection had been voided, usually at 7 o’clock in the mor- 
ning, The tablet implantations were made subcutaneously in 
the abdominal region. In the Radium Centre all injections and 
tablet implantations were given by one of the authors (S. K.). 

*) All the preparations were generously supplied by the Ciba 
Limited, Copenhagen, to whom we should like to express our sincere 

thanks. 
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Patients and collection of urines 
Most of the patients were women, hospitalized at the Ra- 
dium Centre for treatment of mammary carcinoma. The ge- 
neral health condition of these in-patients was usually rather 
poor, while the less debilitated women were treated as out- 
patients. Accurate collection of 24-hour urines was found to 
be impossible in the case of the out-patients and was aban- 
doned after some trials. Furthermore the investigation in- 
cluded some women, hospitalized for combined X-ray and ra- 
dium treatment of uterine cervical carcinoma. These patients 
were in good condition but yet hospitalized sufficiently long 
for the collection of urine. Since, in these cases, the testoste- 
rone propionate was given only for experimental purposes, the 
doses of the hormone and the duration of treatment had to he 
rather moderate in order to avoid any virilizing effects. The 
investigation also includes several experiments conducted by 
one of the authors (C. H.) on himself. 

The collection of 24-hour urines continuously for weeks or 
months was very difficult when dealing with the debilitated 
patients suffering from mammary carcinoma. Thus, inability 
to void the urine at a fixed hour, cases of severe diarrhea, re- 
sidual urine, etc. made the collection unreliable. Out of 17 
patients with mammary carcinoma, no less than 11 women 
were unable to collect their urine satisfactorily and the results 
had to be discarded. In the cases to be reported below, the 
collection of urine has probably been reliable although it is 
evident that in many of the patients the daily fluctuations in 
the I7-ketosteroid output are considerably greater than those 
found in the experiments of C. H. on himself. Several urines 

had to be discarded because of technical failure in the collec- 
tion. 

The experimental subjects can thus be divided into 3 
groups : 

1) Three patients with uterine cervical carcinoma, in 

whom the Perandren injections were given exclusively for ex- 
perimental purposes; (case records No. 1 3). 

2) Six patients wuth mammary carcinoma, operated as well 


18 * 
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as inoperable cases, all having osseous metastases (case 
cords No. 4—9). 

3) One healthy male subject (C. H.), 43—45 years old 
from whom about 300 24-hour urine specimens were collected 
in the course of 2 years and assayed for 17-ketosteroids in 
order to determine the daily variations and the effect of va- 
rious hormone administrations. 

Case records 

No. i (J. 49652). Woman 57 years old. Six partus, the last one 
25 years ago. Menopause at 43 years. Diagnosis; Cancer colli uteri, 
stage III. Treatment; combined X-ray and radium therapy 2/10— 
10/11—48. General condition good. (Fig. 1). 

iVo. 2 (J. 49825). Woman 55 years old. Eight partus, the last one 
12 year’s ago. Menopause 6 months ago. Diagnosis; Cancer colli uteri, 
stage III. Treatment; combined X-ray and radium therapy 16/10— 
23/11 — 48. General condition good. (Fig. 2). 

No. 3 (J. 49621). Woman 31 years old. Three pai’tus, the last one 
10 months ago. Regular menstruations. Diagnosis: Cancer colli uteri, 
stage I. Treatment: combined X-ray and radium therapy 7/10— ' 
13/11 — 48, General condition good. (Fig. 3). 

No. i (J. 49772). Woman 72 years old. Four partus, the last one 
32 years ago. Menopause at the age of 56 years. Right sided cancer 
mammae, untreated during the first 12 years. In Oct. 1948 there was 
a large, exophytic and ulcerative mammary cancer and wide-spread 
osseous metastases. M. D,: Carcinoma solidum. Perandren treat- 
ment 8/8 — 48 — ^26/1 — 49. The general condition was poor, somewhat 
alternating; after a transient improvement, the condition was ag- 
gravated and the patient died on 28/2 — 49, 15 days after the last 
17-KS analysis. Autopsy: wide-spread metastases to liver, right 
pleura, and the bones. (Fig. 8). 

No. 5 (J. 48034). Woman 57 years old. Eight partus. Menopause 
at 45 years. Three and a half year before, radical mastectomy for 
carcinoma mammae M. D.: Care, scirrhosum. Later X-ray treatment 
for metastases to the right axilla and left-sided supraclavicular 
glandular metastases. Oct.— 48: extensive osseous and pulmonary 
metastases, and local recidive, Perandren treatment 8/10—48 to 26/1 

49 _ From the beginning of the treatment her condition was rather 

poor and after a transient improvement, the patient got rvorse, had 
spontaneous fractures of left femur and tibia, and died on 28/2—49, 
one month after the last Perandren injection and 8 days after the 
last 17-KS analysis. (Fig. 9). 
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No 6 (J; 30128). Woman 56 years old. Three i^artus. Menopause 
51 years old. Five years previously: radical mastectomy for car- 
cinoma mammae. M.D.: Carcinoma adenomatosum et scirrhosum 
mammae et gland, axill. In the course of 1947—1948 several senes 
of X-ray treatment for metastases. June — 48 metastases to columna, 
costae, cutis abdominis and left pleura. X-ray treatment 21/4-8/5-48 
and Perandren treatment. The general condition was good. (Fig. 5). 

No. 7 (J. 31062). Woman 56 years old. Four partus. Menopause 
at the age of 49 years. Five years previously: radical mastectomy 
foi’ carcinoma mammae. M. D.: Care, solidum mammae et axill. About 
2 years ago X-ray treatment for metastases to columna and pelvis. 
Perandren injections (crj’’stals) from 12/12—47 to 18/2 — 48 and im- 
plantation of 400 mg. Perandren tablets on 19/2—48. July— 48 wide- 
spread osseous and some small cutaneous metastases. The general 
condition fair. The Perandren treatment was resumed and 7 tablets 
of 100 mg. were implanted subcutaneously in the abdominal region. 
No tablets or parts of tablets wei-e e.xpelled. (Fig. 10). 

No. 8 (J. 49629). Woman 71 .years old. Three partus, the last one 
28 years ago. Menopause at tlie age of 54 years. The patient had 
a previously untreated double-sided mammary cancer with wide- 
spread osseous metastases. M.D.: Carcinoma scirrhosum. Perandren 
treatment, including implantation of 15 perandren tablets of 100 mg. 
subcutaneously in the abdominal region. No tablets oi’ pai’ls hereof 
were expelled. In the beginning of the treatment the general con- 
dition was rather good, later on it changed for the worse, there 
was a spontaneous fracture of the right femur, 18 days after the 
implantation of the tablets. Before (he discontinuation of the observa- 
tion period, the condition was considerably aggravated. (Fig. 11). 

No. 9 (J. 45912). Woman 55 years old. One abortion 12 years ago, 
no partus. Menopause 47 years old. Fifteen years ago: radical 
mastectomy for carcinoma mammae. M. D.; Carcinoma solidum. X- 
lay tieatment for a metastasis to the left supraclavicular region. 
Osseous metastases in Dec. — 48. The general condition good Pe- 
randren treatment from 13/12—48. (Fig. 12). 


Results 

The 17-ketosteroid excretion found during and after the 
administration of testosterone propionate (TP) and a survey 
of the treatments are shown in the diagrams (Figs. 1 to !*>) 
They are all drawn to the same scale, the black columns in- 
dicating the 17-KS excretion in mg. per 24-hours. An empty 
space between the columns means that the urine was dis- 
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carded. The white wedges are symbols for injections of Per- 
andren in oily solution, and the black wedges for injections of 
crystalline suspensions. Tablet implantations are marked with 
a black circle, and percutaneous application of testosterone 
with a black rectangle. The figures along the abscissae re- 
present the days of the observation period. Refering to these 
diagrams it will suffice here to comment on the investigations 
and to draw certain general conclusions from the results. 


1) The depression of the hypophyseal function. 

It is a well-known fact that the hypophyseal gonadotrophin 
production is inhibited by injection of oestrogenic and andro- 
genic substances. This inhibition involves the growth hormone 
and the thyrotrophic hormone. The effect upon other hypo- 
Ijhyseal hormones, including the adrenocorticotrophic hor- 
mone is more uncertain. As, however, the 17-KS excretion is 
depressed as a result of testosterone treatment in both men 
and women, and as the adrenal cortex probably is the sole 
source of production of the 17-KS in the female organism, the 
treatment must have an inhibitory effect on the secretion of 
the adrenocorticotrophic hormone. 

In the following paragraphs the decrease in the 17-KS ex- 
cretion, caused by the testosterone inhibition of the hypophy- 
seal function will be refered to as the ^hypophyseal inhibi- 
tion‘s, while the »basal excretion« means the endogenous 17- 
KS production. The »extra excretion«. stands for the difference 
between the observed 17-KS values and the basal excretion. 

The hypophyseal inhibition creates some difficulties in the 
calculation of the extra excretion, because it is not possible 
to know with certainty on which day of the treatment the di- 
minution on the basal excretion begins, and how much it 
amounts to. The hypophyseal inhibition probably varies in 
different individuals and with the intensity of the treatment. 
One of the experiments of C. H. on himself shows the inhibition 
quite clearly (Fig. 6). After 5 daily injections of 25 mg. Per- 
andren the 17-KS excretion was diminished on the 6th day 
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of treatment, the decrease amounting to about 5 mg./24 hrs. 
Immediately after discontinuation of the injection the daily 
excretion was also about 5 mg. lower than before the treat- 
ment; the pre-treatment level was reached in the course of 
one week. In some instances a single intramuscular injection 
of TP in oil is sufficient to produce the hypophyseal inhibi- 
tion, e. g. 100 mg. in case No. 6 (Fig. 5) and 50 mg. in case 
No. 8 (Fig. 11). 

In most cases we have calculated the extra excretion, partly 
with the assumption that no hypophyseal inhibition has taken 
place, and partly assuming that the greatest decrease of the 
17-KS values observed after the treatment had been present 
during the whole period. The true value must then he found 
somewhere between these limits. As the molecular weight of 
TP is about 20 per cent higher than that of the 17-KS (e. g, 
androslerone, and aetiocholanolone), the calculations of the 
amount of TP degraded to 17-KS have involved a correction 
for the different molecular weights. 

2) Single intramuscular injections of testosterone propionate 

in oily solution. 

Case No. 7 (Fig. 1). The 17-KS excretion rose from an ave- 
rage basal excretion of 4.2 mgy24 hrs. to 46.8 mg. in the first 
24 hours after the injection of 200 mg. Perandren. The in- 
creased excretion lasted for 5 days. The hypophyseal inhibi- 
tion was moderate, and the extra excretion amounted to 85 mg. 
when the calculation involved the inhibition, otherwise it was 
79 mg. According to these values 51 per cent, or 48 per cent 
of the TP was excreted as 17-KS. 

Case No. 2 (Fig. 2). The injection of 200 mg. Perandren 
brought about a rise in the excretion from an average of 
4,9 mg./24 hrs. to 33.9 mg. in the first 24-hour period. On the 
next three days the values were: 11.6, 13.5 and 6.4 mg. No 
hypophyseal inhibition was apparent in this case. Altogether 
27 per cent of the TP was calculated to have been excreted as 
17-KS, but the comparatively low value on the 2nd day sug- 
gests that some urine must have been lost. 
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Case No. 3 (Fig. 3). From a basal excretion of 6.3 mg./ 24 
hrs. the 17-KS excretion increased to about 40 mg. in the first 
and second days and the high level was maintained for four 
days. The extra excretion amounted to 84 mg., corresponding 
to 50 per cent of the testosterone propionate injected. 

Case No. 9 (Fig. 12). The injection of 200 mg. Perandren 
caused a rise in the excretion from 1,6 mg. to 52.0 mg. on the 
first day and the high level persisted for 3 or 4 days. The 
extra excretion equaled 40 per cent of the testosterone pro- 
pionate injected. 

Experiments bij C. H. on himself (Fig. 4). The 17-KS ex- 
cretion was determined for 13 days prior to the injection of 
50 mg. Perandren and was on an average 12.6 mg./24 hrs. The 
extra excretion on the first two days was 30.3 mg., that is 72 
per cent of the injected TP. Two weeks later the injection of 
150 mg. Perandren was followed by a 4 days’ period of in- 
creased 17-KS values and an extra excretion amounting to 
63 mg., corresponding to a 50 per cent excretion. The first 
day’s urine was collected as 6 samples at exactly 4 hourly in- 
tervals. An increased excretion was already found in the first 
4-liour urine, and the maximal excretion in the next specimen. 
After both injections the high excretion was followed by va- 
lues 2 to 3 mg. below the average pre-treatment value. 

Case No. 6 (Fig. 5). An increased excretion occurred for 4 
days after the injection of 100 mg. Perandren, and 56 per cent 
of the injected TP were excreted as 17-KS. (If the effect of the 
hypophyseal inhibition is disregarded, the percentage excre- 
tion is 46). On the 15th day of the observation period the pa- 
tient received 25 mg. Perandren, after which injection the ex- 
cretion was increased for 2 days. According to the extra excre- 
tion, not more than 22 per cent of the TP was excreted as 17- 
KS, but the calculations are of course less reliable when the 
excretion is in the neighbourhood of the normal values. 

Case No. 7 (Fig. 10). The general state of the patient was 
rather poor and the average basal excretion was not more than 
2.0 mg./24 hrs. The increase caused by 50 mg. Perandren was 
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moderate, but lasted for 6 days. About 36 per cent .of the TP 
was excreted as 17'KS. 

Case No. 8 (Fig. 11). This patient was also in a poor con- 
dition and the basal excretion was low (averaging 2.1 mg.). 
About 34 per cent of the 50 mg. Perandren was excreted as 
17-KS, when the hypophyseal inhibition was taken into ac- 
count, otherwise it was 22 per cent. 

The above-mentioned observations show' that a single in- 
tramuscular injection of Perandren in oil causes a lapid rise 
in the 17-KS excretion, and that the first 24-hour urine con- 
tains the highest amounts. The high excretion lasts for 2 to 
6 days and from 22 to 72 per cent of the injected TP is ex- 
creted in the urine as 17-KS, on an average 44 per cent. No 
definite relation betw'een the size of the dose and the percen- 
tage excreted w'as noticed. 

3) Repeated injections of testosterone propionate 

in oily solution. 

Experiments on C. H. (Fig. 6). The average daily excretion 
for a period of 6 days before the injection w'as 13.7 mg. Daily 
injections of 25 mg. Perandren w'ere given for 8 days. During 
the treatment the excretion rose gradually and reached about 
27 mg. on the 3rd day, and this value wms maintained for 3 
days. In spite of continued injections the excretion then fell to 
about 22 mg., probably as a result of the hj'pophyseal inhibi- 
tion. The accurate collection of the urine and the fact that the 
fluctuations in the daily excretion in this experimental subject 
are rather small, made worth while a detailed calculation of 
the mechanism of the absorption and excretion of the injected 
TP. If we suppose that the percentage excretion of each 25 mg. 
dose is 29, 19, 14 and 0 in the course of 4 days, and that the 
hypophyseal inhibition commences when 5 times 25 mg. are 
given and amounts to 4 or 5 mg. per 24 hours, w'e obtain a 
very close agreement between calculated and observed 17-KS 
values. 
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Case No. k (Fig. 8) . The patient received 100 mg. Perandren 
every other day, altogether 17 injections in this series. The ex- 
cretion. was rather irregular, probably because of difficulties 
in the collection of the urine. It is, however, clear that the 
highest values occurred in the first 24 hours after each in- 
jection, The total extra excretion amounted to 7.6 mg./24 hrs. 
that is 18 per cent of the TP injected. 

Case No. 5 (Fig. 9). The first treatment consisted of daily 
injections of 25 mg. Perandren for 11 days. The basal excre- 
tion was on an average 1.3 mg.; the values rose moderately 
and reached a maximum in the 3rd day but were afterwards 
rather irregular. The average extra excretion after the 3rd 
day was 4.3 mg./24 hrs., corresponding to 27 per cent of the 
injected amount of TP. Later on (from the 30th day) 100 ing. 
TP was given every other day, altogether in 6 injections. The 
excretion showed alternating high and lower values, the 
highest excretion being found in the first 24 hours after each 
injection. The extra excretion is difficult to calculate because 
the effect of a preceding injection of Perandren crystals had 
not yet disappeared. Our experience xvith the other injections 
of crystal suspensions, however, allows of a rough estimate 
which shows that 18 per cent of the 600 mg. TP was excreted 
as 17-KS. 

According to these experiments it is possible to obtain a 
fairly uniform daily 17-KS excretion, and presumably also a 
fairly constant absorption, by giving daily injections of TP 
in oily solutions, whereas the excretion is alternately high and 
low when the injections are given every other day. 


4) Single intramuscular injections of crystal suspensions of 
testosterone propionate. 

Case No. 1 (Fig. 1). The 17-KS excretion increased gradual- 
ly and reached a maximum (12.9 mg.) on the 5th day after 
one injection of 200 mg. Perandren crystals. The level then 
decreased gradually and the pre-treatment values -were reached 
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on the 14th day. As, however, no signs of any hypophyseal 
hihibition were apparent in the last urine examined (16 days 
after the injection) it is reasonable to assume that some slight 
absorption from the crystals was still occurring, just enough 
to compensate for the depression of the endogenous secretion. 
The total extra excretion in the course of the 16 days amounted 
to 56 mg. (The missing value for the 3rd day being obtained 
by interpolation). This would indicate that 34 per cent of the 
TP was excreted as 17-KS. Presupposing a hypophyseal inhibi- 
tion of the same magnitude as after 200 mg, in oily solution, 
the figure would be 45 per cent, that is almost the same per- 
centage as after the injection of TP in oily solution. 

Case No. 2 (Fig. 2). A rapid increase in the 17-KS excre- 
tion took place after one injection of 200 mg. Perandren 
crystals, and the maximum (20.7 mg.) was reached on the 
3rd day (the urine from the 4th day was lost). The peak was 
followed by a gradual decrease in the values wdiich reached 
the pre-treatment values 10 days after the injection. The extra 
excretion was of a magnitude which corresponded to 53 per 
cent of the injected TP, that is at least as much as after the 
above mentioned injection of oily solution (27 per cent), even 
if attempts are made at correction for the supposed loss of 
urine on the 2nd day, 

Case iVo. 3 (Fig. 3). This patient received one injection of 
500 mg. Perandren crystals, and the 17-KS excretion was 
already considerably increased in the first 24-hoiir urine 
reaching the maximal value (21.0 mg.) on the 3rd day. The 
excretion was gradually decreased and the pre-treatment values 
W'ere reached on the 12th day. As no signs of hjqjophyseal in- 
hibition were found, the absorption was probably not completely 
finished at this time. The total extra excretion amounted to 
37 per cent of the injected Perandren, if the calculations are 
based upon a hypophyseal depression of the same order as 
after the 200 mg. oily injection. It is, however, likely that' 
the inhibition after 500 mg. Perandren was even more marked 
and that some absorption occurred after the observation period. 
The percentage of TP excreted as 17-KS is thus thought to 
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be in the neighbourhood of lluil observed after an injection 
of 200 mg. in oily solution, i. e. 00 per cent. 

A comparison of the changes in the 17-lvS excretion caused 
l)y a single injection of TP in oily solution and as a crystal 
suspension .shows that in the former case the highest excretion 
occurs within the first 24 hour, and that the main part of 
the 'FP is eliminated in the course of the first 2 or 3 days, 
while the maximal excretion after crystal injections is found 
at the 3rd or nth day and increased excretion persists for 0 
to 14 days, or jmohahly even longer. The percentage of hor- 
mone cliiuinatcd as 17-KS is the same with both these methods 
of administration. 

a) lic.ponied injections of crijsinl suspensions of testosterone 

propionate. 

Case No. h (Fig. 8). Two days after repealed treatment 
with Perandren in oily solution the patient received a series 
of crystal injections, at first 200 mg. every other day. The 
excretion decreased after the first injection because the slow 
absorption of the crystalline material could not counter- 
balance the rajiid elimination of the hormone dissolved in 
oil. Not until 4 injections had been given did the excretion 
reach a ])laleau. After the 6th injection the interval between 
the injections was increased, the injections being given every 
fourth day. From the OGth day of the observation period and 
onwards SaO mg. were given once a week. The average ex- 
cretion in the interval between the injections was fairly 
constant, 17 to 22 per cent of the substance being excreted 
as 17-KS (during the oily injections the percentage was 18). 
It is a very striking fact that toward the end of the observa- 
tion period the 17-KS excretion fell gradually in spite of the 
continued treatment, the amount of TP eliminated as 17-KS 
being 17, 9 and f) per cent, respectively, in the last 3 weeks. 
This inability of the organism to metabolize TP to 1 7-KS may 
be the result of the patient’s worsening condition. Another 
explanation might be the development of very large liver 
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metastases which appeared at the same time, the damaged 
liver being unable to take part in the metabolism of the TP. 

Case No. 5 (Fig. 9). During the first 41 days of the in- 
vestigation, the patient excreted from 18 to 27 per cent of 
the TP in oil as 17-KS. From the 42nd day and during the rest 
of the 138 days of observation, she was treated exclusively 
with injections"^of crystalline Perandren. At first a series of 
200 mg. injection was given every other day; in the latter 
half of this series, that is when the excretion had reached a 
plateau, the extra excretion corresponded to 26 per cent of 
the TP. Then 200 mg. was given every fourth day and later 
350 mg. once a week. The percentage of TP excreted as 17-KS 
was from 18 to 23, yet with a somewhat declining tendency 
(after the last injection only 13 per cent.) Like the above- 
mentioned patient her condition became worse and large liver 
metastases developed. 

Case No. 6 (Fig. 5). From the 28th day of the observation 
period after the previous treatment wuth 2 Perandren injec- 
tions in oil and one crystal injection, the patient received 100 
mg. crystalline Perandren every other day, altogether 9 in- 
jections. The 17-KS increased gradually, reached a maximum 
(27.4 mg.) on the first day after the last injection, and de- 
creased thereafter. By the 14th day after the last injection 
the excretion wms lower than before the commencement of 
the injections. The patient left the hospital, but the urine was 
analyzed 7 and 16 days later; both specimens had a subnormal 
17-KS content. Of the 900 mg. injected 41 per cent was eli- 
minated as 17-KS. 

These observations demonstrate that it is possible to get 
a fairly uniform 17-KS excretion (reflecting a uniform ab- 
sorption of the hormone) by weekly injections of crystal sus- 
pensions of TP. The daily variation in the 17-KS seemed to 
be quite independent of the days of injection and are probably 
due to inaccuracies in the collection of the 24-hour urines. 
The average daily excretion of 17-KS is the same when TP 
IS given as repeated injections of oily solutions or of crystal 
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suspensions (e. g., 100 mg. in oil every other day and 200 mg 
crystals every fourth day, or, 56 mg. in oil daily and 350 mg. 
crystals once a week). 

6) Implantation of testosterone propionate tablets. 

Case No. 7 (Fig. 10). After subcutaneous implantation of 
7 Perandren tablets of 100 mg. each, the 17-KS excretion in- 
creased from the 2nd day and reached in the course of a week 
a plateau which was kept up for at least 23 days when the 
continued analyses were interrupted. A specimen of urine was 
examined 28 days after the implantation and the 17-KS con- 
tent was at the pre-treatment level. On the 42nd day the ex- 
cretion was subnormal (hypophyseal inhibition). The pos- 
sibility cannot be ignored that absorption from the tablets oc- 
curred beyond the 28 days, the daily amount absorbed being, 
how^ever, so insignificant that it merely compensated for the 
decrease in the endogeneous 17-KS production. The daily ex- 
cretion was fairly uniform during the first 23 days, and within 
this period the extra excretion was 36 mg. When estimating 
the hypophyseal inhibition necessary to cause a daily decrease 
of 1.5 mg., the extra excretion is calculated as 48 mg. It is, 
however, as mentioned above, possible that the absorption 
continued until the 42nd day; thus the excretion would equal 
14 per cent of the implanted tablets. The same patient excreted 
36 per cent of the oil dissolved Perandren, and the utilization 
of the tablets must therefore have been rather incomplete in 
this case. 

Case No. 8 (Fig. 11). After the effects of a single injection 
of 50 mg. Perandren in oil had disappeared, a total amount 
of 1500 mg. Perandren tablets were implanted subcutaneously. 
The operation was followed by increased 17-KS values and the 
moderately increased level was maintained for about 5 weeks. 
Then a gradual decrease commenced and on the 46th day 
the content was as low as 1.0 mg. The total extra excretion 
corresponded to 14 per cent of the implanted tablets. Of the 
first injection of 50 mg. in oil, 34 per cent was elimited in 
the form of 17-KS, but after subsequent injections of 200 
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and lOo' mg. Perandren in oil, the percentage excretion^was 
only 8. The ability of the organism to metabolize TP to 17-KS 
thus seemed to be impaired gradually as the state of the 
patient grew worse. Ascites developed but liver metastases 
were not demonstrated, and the patient died at home without 
autopsy. It is most likely that the absorption from the tablets 
did not occur after the 46th day and that about 50 per cent 
of the substance was absorbed within this period of time. 


A fairly constant absorption from the subcutaneously im- 
planted tablets of TP was thus obtained for 3 to 4 or 5 wrecks 
in these cases. But the absorption seems to be incomplete, 
and hence it is necessary to implant about twice as much 
hormone as when using oily solutions or crystal suspensions. 

7) Percutaneous administration of testosterone propionate 

and of testosterone. 

The investigation of the percutaneous absorption was the 
purpose of two experiments of C. H. on himself. Of an al- 
coholic solution of testosterone propionate (20 nig./ml.) about 
2 ml. were rubbed into the skin of the abdomen and the inside 
of the thighs in the morning and in the evening for 4 days, 
the total dose being about 320 mg. The 17-KS excretion did 
not exceed the maximum of the subject’s normal values. The 
absorption of TP through the skin must therefore have been 
very low. Two months later an experiment was performed 
using free testosterone in alcoholic solution (50 mg./ml.). In 
the course of 5 days 20 ml, were rubbed into the skin, that 
is a total dose of 1000 mg. As evident from Fig. 7 the 17-KS 
excretion increased from an average value of 11.5 mg. to 
about 20 mg., and this level was maintained during the treat- 
ment. After discontinuation of the application the 17-KS 
gradually decreased to and below the normal values. The 
gradual decrease is thought to be due to a continued absorp- 
tion from the deep parts of the hair follicles. The total extra 
excretion was calculated to amount to 54—66 mg., cor- 
responding to 5 7 per cent of the testosterone applied. When 
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injecting oil solutions of TP it had been shown that the ex- 
perimental subject eliminated between 50 and 72 per cent as 
17-KS, i. e. 10 times as much as by the percutaneous admini- 
stration of testosterone. 

8) Oral administration of testosterone propionate. 

In an experiment by C. H. on himself the effect of oral 
administration of 100 mg. testosterone propionate on the 17- 
KS excretion was examined. The content of two Perandren 
crystal ampoules was swallowed with water on an empty sto- 
mach. Already 2 hours after the ingestion of the hormone, an 
increase of 17-KS was found in the first specimen of urine, the 
excretion being 1.43 mg. per hour. (In control investigations 
the corresponding figures determined on two other days were 
found to be 0.48 and 0.53 mg. per hour for the same two 
hours of the morning.) The maximal excretion per hour oc- 
curred in the next urine specimen, covering the period from 
2 to 5 hours after the administration of the hormone. In the 
first 24 hours’ urine the total amount was 22.0 mg. 17-KS, 
that is 8.9 mg. above the average excretion before the ex- 
periment, In the next 24-hour urine the extra excretion was 
only 1.6 mg. Thus, 12 per cent of the orally administered TP 
was eliminated as 17-KS. As about 60 per cent of the paren- 
terally administered TP was previously found to be excreted 
as 17-KS, only one fifth of the hormone was utilized when 
given orally. 


9) Intramuscular injection of cis-testosterone. 

The stereoisomeride of testosterone, A‘*-androstene-3-on- 
17(/3)-ol = cis-testosterone, is remarkable for the fact that 
it is almost devoid of androgenic effects. It possesses, how- 
ever, a marked antagonistic effect upon the ability of oestra- 
diol to produce hypophyseal tumours (Selye, 1947). With the 
possibility in view of using this compound in the treatment 
of mammary carcinoma xve examined its excretion in the 

urine. 
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2 3 per cent of the cis-tesloslerone. 


DISCUSSION' 


It has been demonstrated in the above investiiiations that 
testosterone propionate and testosterone are metaholi/.etl in 
the organism and c.xcreled in the urine as !7-keto.steroiils. 
The percentage of the hormone excreted in this form varies 
with the individual and is dependent on the general health of 
the subject, the excretion being lower in debilitated patients. 
The Uver seems to play a role in the process. .V remarUahl.v 
low I7-KS excretion was thus found after treatment with 
testosterone propionate in two of the jiatienls with earciuo* 
matous mclaslascs in the liver. In four male suhjecls suffering 
from cirrhosis of the liver Lloyd S: Williatns 1 19 IS) found 
no increase in the amount of l7-ketosleroids in the urine after 


injection of 51) mg. testosterone propionate, whereas two had 
significant increase in the total excreliun of androgens. 

On an average, somewhat less than half the amount of 
TP is excreted as 17-KS. the lower and u[)per limits in our 
investigations being 5 and 72 per cent, when administered 
as intramuscular injections of oily solutions or of crystal 
suspensions. These values arc in complete agreement with 
the findings of Ilamhlcn ct aL ium), who fouml from H to 
/i per cent. Peber ct of. (1948) recovered on an average tO 

per cent of the TP as n-KS. 

The absorption, mclaholi.sm and excretion occurs verv 

17-KsV^^^r increased 
17 KS cxcrclioii wus ii» 

I t in llie cournc nf 

wo hours. D,rfmm & HamiUo,, (Ihll), u.si,,,. (i,,. i,i„|„j,i,;,, 

Acti cntiocfinol. Vol. 2. ill. 
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method of assay, found a similar rapid rise in the excretion 
of androgenic substances. After a single intramuscular injec- 
tion of TP in oily solution, the highest excretion occurred in 
the first 24-hour urine, the amount decreasing more or less 
abruptly during the next 2 or 5 days. It was possible to obtain 
a fairly uniform 17-KS excretion by daily injections, and the 
rate of absorption must be assumed to be fairly constant too. 
When the injections are given every other day the excretion 
is alternately high and low, presumably reflecting an uneven 
rate of absorption. 

After intramuscular injections of TP in crystal suspension 
it is usually possible to demonstrate an increased 17-KS ex- 
cretion in the first 24-hour urine. The highest values are found 
on the 3rd to the 5th day and the increased excretion lasts 
for about 2 xveeks, xvhen the pre-treatment level is reached- 
It was i)ossihle to obtain the same smooth 17-KS excretion 
(and rate of absorption) by weeklj' injections of the crystals. 
These figures naturally’ depend on the size of the crystals, but 
in our observations we have found no indication that the size 
of the crystal varies very much in the different Perandren 
hatches. 

Subcutaneously implanted testosterone propionate tablets 
arc absorbed more slowly than the crystals and the increased 
excretion can be traced for 4 to 7 weeks. In this respect too, 
our results are in agreement with those of Dorfman & Ha- 
milton (1941) who found an increased androgen excretion 
(biological assay) for 5 to 8 weeks, and xvith those of Biskind 
et al. (1941) xvho obtained a clinically demonstrable effect 
for an average of 7 weeks after the implantation. The utiliza- 
tion of the tablets seems to be less efficient than that of the 
crystals or oily solutions presumably because the reaction of 
the tissues surrounding the tablets may sometimes interfere 
with the absorption (cp. Loeser, 1940). If the absorption of 
TP from the oil deposits is complete, not more than about 
50 per cent of the tablets were absorbed in the txvo cases re- 
ported here, in which 7 and 15 tablets, each of 100 mg. TP 
were implanted subcutaneously. 
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The percutaneous absorption of TP and of free testoste- 
rone is very incomplete. The application of 320 mg. TP to 
the skin of a normal male in the course of 4 days was not 
accompanied by any definite rise in the 17-KS excretion, and 
calculations showed that less than 8 per cent of the substance 
applied was absorbed. Free testosterone in alcoholic solution 
seems to pass through the intact skin somewhat better than 
the propionate. There was a marked increase in the 17-KS 
excretion when 1000 mg. testosterone was rubbed into the 
skin of the same experimental subject in the course of 5 days. 
It was calculated that about 10 per cent of the testosterone 
applied was absorbed. Foss (1939) stated that in a castrated 
man the percutaneous dose of TP was 6 times as large as the 
intramuscular dose. This small difference may be due to in- 
dividual variations, to difference in technique, or to the fact 
that the evaluation of the clinical effects is not a very objective 
criterion of response. 

Orally administered TP was in our experiments absorbed 
at a higher rate than when given percutaneously to the same 
person, as the 17-KS excretion corresponded to a 20 per cent 
absorption of the hormone. Foss (1. c.) had to give 20 times 
as much TP orally as parenterally in order to obtain equal 
clinical effects. The reason for this discrepancy might be 
found in the fact that the hormone absorbed from the in- 
testinal canal must pass through the liver by means of the 
hepatic portal system before reaching the general blood cir- 
culation. The TP escaping the hepatic inactivation might be 
degraded to biologically less active compounds such as andro- 
sterone and dehydroandrosterone or to biologically inert sub- 
stances such as aetiocholanolone. In that case the clinically 
effective dose of hormone must necessarily be higher than ex- 
pected from the rate of absorption, as calculated on the basis 
of the 17-KS excretion. 

The stereoisomeride of testosterone, cis-testosteronc, was 

eliminated as 17-KS only to a very slight extent (2 3 per 

cent). In this respect it behaves according to the evidence 
in the literature like metlujltestostcrone. We are not able to 


19 * 


282 


offer any explanation for these differences between testoste- 
rone and testosterone propionate on the one hand, and cis- 
testosterone and methyltestosterone on the other. 

An inhibitory effect upon the hypophyseal production of 
gonadotrophic and adrenocorticotrophic hormones, as evident 
from subnormal 17-KS values after the cessation of the 
testosterone administration, was observed in several cases even 
after not very large single injections of TP, or short series 
of treatments with ordinary therapeutic doses. This observa- 
tion is of interest when compared with the findings of 
McCullagh & Hruby (1949) that very large amounts of 
testosterone were required in order to inhibit the gonado- 
trophic overproduction in eunuchoid men. 


SUMMARY 

The purpose of the investigations was primarily to decide 
whether determinations of the 17-ketosteroid excretion in the 
urine might serve as an objectis^e means of finding out the 
most economical mode of administration of testosterone pro- 
pionate. 

The experimental subjects were 6 women suffering from 
cancer mammae, 3 women with cancer colli uteri and one 
healthy man in his middle forties. The investigations reported 
consist of the 17-KS-analyses of 524 twenty-four-hour speci- 
mens of urines, and the analyses were performed consecutive- 
ly for at least 18 and at the most 138 days. 

The preparations used were Ciba’s Perandren ampoules 
of 25 mg./ml. or 50 mg./ml., Perandren crystal ampoules of 
50 mg./2 ml., Perandren implantation tablets of 100 mg., 
testosterone and cis-testosterone. 

The methods of administration consisted of intramuscular 
injections of oily solutions or crystal suspensions, subcutane- 
ous implantations, of tablets, percutaneous applications of 
alcoholic solutions, and oral administration. 

The technique of the l7'ketosteroid~analyses was the Cal- 
low modification of the Zimmermann reaction with correc- 



283 


tion for unspecific urinary chromogens. Most urines were 
assayed by a »micro-method« (cold ether extraction of 1/50 
of the acid-hydrolyzed urine). 

Results: 

1) An increased 17-ketosteroid excretion was found for 

1 2 days after oral administration of testosterone propionate ; 

for 3 days after percutaneous application of testosterone in 
alcoholic solution; for 3—5 days after intramuscular injec- 
tions of testosterone propionate in oily solution; for an 
average of 12 days after injections, of testosterone propionate 
crystal suspensions and for 4 and 7 weeks after subcutaneous 
implantation of 7 and 15 testosterone propionate tablets of 
100 mg. 

2) If the ultimate absorption of testosterone propionate 
from intramuscular oil deposits, which presumably is com- 
plete, is rated as 100, the absorption of the crystals was also 
100, that of the implanted tablets 50, of orally administered 
crystals 20, of percutaneously applied testosterone 10, and of 
testosterone propionate less than 8. 

3) A fairly uniform daily absorption could be obtained 
when the intramuscular injections of oily solutions were given 
daily, the injections of crystal suspensions once a Aveek, and 
the implantations of tablets once a month. 

4) When the treatment is of long duration, the injections 
of crystal suspensions are preferable because of the com- 
paratively prolongated absorption and the complete utiliza- 
tion of the hormone. The disadvantage of the oily injections 
is the necessity of daily injections, while the less complete 
utilization of the implanted tablets and the operation required 
must be regarded as draAv-backs of the implantation technique. 
The percutaneous and the oral administrations are so un- 
economical that they cannot be recommended. (The inA^estiga- 
tions do not include methyltestosterone, as this compound is 
not excreted as 17-KS.) 

5) Cis-testosterone, administered intramuscularly, Avas ex- 
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creted as l/-ketosteroids only to a very slight extent (2 -3 

per cent). 

6) An inhibition of the hypophyseal corticotrophin and 
gonadotrophin secretions, as reflected in subnormal 17-KS 
values after cessation of testosterone administration, was 
noticed in several instances. 

7) The 17-lcetosteroid analyses must be regarded as an 
important help in arranging therapy with testosterone pro- 
pionate for individual subjects. 
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Figs. 1 — i2. 

Urinary il-ketosleroids before, dxiring and after treatment ivith 
testosterone preparations. Ordinates: 17-KS in mg. per 24 hours. 
Abscissae: days of observation period. A missing column indicates 
that the particular urine was lost. The white wedge-shaped triangles 
indicate an intramuscular injection of an oily solution, the black 
ones an intramuscular injection of a crystal suspension. A black 
circle indicates the implantation of tablets, and a black rectangle 
indicates the percutaneous application of an alcoholic solution. The 
figures above the symbols are the amount of substance in milligrams. 
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nv 
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In a recent paper (Liifl, Snntcsxon tC Sjogren f IIMS) the 
authors described the hypertensive effect of DCA and sodium 
chloride in a ease of postural hypotension. In a second paper 
{Lufi iC Sjiigrcn, 1948), the therapeutic effect of DCA and so- 
dium chloride was demonstrated in postural hypotei^sion anti 
arterial orthostatic anemia, the most common type of poslur.al 
reaction. 

Postural hypotension is a term used in the jiresenl work 
to describe a condition rci)orled by Bradhunj & Egplesfnii in 
1925. Arterial orthostatic anemia denotes a clinical condition 
that has been dcscrihed chiefly by the Swedish investigators 
Bjiire & Lnnrcll (1927), and corresponds to what SrhclUm;/ 
(1936) called »hypolonic regulatory disturhance«. The. latter 
is a type of postural reaction, frequently observed, and com- 
mon in asthenic persons with poor tone of muscles and tis- 
sues. 


') The DCA used in the ju’e.sent study, viz. Percorlen Cilia was 
kindly supplied by Ciba Produkter A. II.. Stockholm. 




Ada endocrinol. 2, 287 — 305, 1949. 


From the Enclocrinologic Department of Scrafimerlasarettct, 
Stockholm, SAveclen (R. Lnft, M. D.) 
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ACETATE (DCA) AND SODIUM CHLORIDE 
ON BLOOD PRESSURE IN POSTURAL 
HYPOTENSION AND ARTERIAL 
ORTHOSTATIC ANEMIA") 

BY 

ROLF LUFT and BJORN SJOGREN 

In a recent paper {Liift, Santesson & Sjogren, 1948) the 
authors described the hypertensive effect of DCA and sodinni 
chloride in a case of postural hypotension. In a second paper 
(Luft & Sjogren, 1948), the therapeutic effect of DCA and so- 
dium chloride was demonstrated in postural hypotension and 
arterial orthostatic anemia, the most common type of postural 
reaction. 

Postural hypotension is a term used in the present work 
to describe a condition reported by Bradbury & Eggleston in 
1925. Arterial orthostatic anemia denotes a clinical condition 
that has been described chiefly bj' the Swedish investigators 
Bjure & Laurell (1927), and corresponds to what Schellong 
(1936) called »hypotonic regulatory disturhance«. The latter 
is a type of postural reaction, frequently observed, and com- 
mon in asthenic persons with poor tone of muscles and tis- 
sues. 


^) The DCA used in the present study, viz. Percorten Ciha, was 
kindly supplied by Ciba Produkter A. B., Stockholm. 
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In healthy subjects, in arterial orthostatic anemia, and in 
postural hypotension, the variations in blood pressure and 
pulse rate during the change from recumbent to erect posi- 
tion show the following characteristics: 

• In healthy subjects there is often a slight rise in the pulse 
rate and diastolic blood pressure, with unchanged systolic 
pressure (Asmussen, Christensen & Nielsen, 1939). 

In orthostatic anemia, the systolic pressure shows a mo- 
derate fall, with or without a simultaneous rise in the diastolic 
pressure. The result is a lowered pulse pressure. At the same 
time, the pulse rate is markedly accelerated [Bjure & Laurell, 
1927, and Knudsen, 1943). These changes are due to increased 
tone of the sympathetic nervous system which counteracts 
the hydrostatic force due to the changes of position. Actually, 
fluent transition exists between the reactions of a healthy and 
an orthostatic person when changing from recumbency to a 
standing position {Asmussen, Christensen & Nielsen, 1939). 
In both cases, the cardiac output decreases {Lindhard, 1913; 
Hickam, 1948). In orthostatic subjects the reduced cardiac 
output is further accentuated by such factors as low peri- 
phei'al tone {Bjure & Laurell, 1927; Mayerson & Bursch, 

1940) , large varicose veins {Jeffers, Montgomery & Barton, 

1941) , and pregnancy {Hansen, 1942). 

In a previous investigation {Luft & Sjogren, 1948), we 
were able to demonstrate tbe ability of DCA and sodium chlo- 
ride to prevent the orthostatic reaction with a simultaneous 
increase of the blood volume. 

In postural hypotension, the sympathetic compensation of 
the hydrostatic changes is absent. This is due to an organic 
disease of the brain stem or spinal cord {Stead & Ebert, 1941; 
Ellis & Haynes, 1936). In these cases, the systolic and dia- 
stolic blood pressures are subjected to a momentary fall du- 
ring the change from a recumbent to an erect posture, the pulse 
rate being maintained at the same level. 

The hypertensive effect of DCA and sodium chloride in 
postural hypotension has previously been emphasized {Luft 
& Sjogren, 1948). The postural response remained unchanged. 
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though the patients were relieved of their symptoms because 
the fall in blood pressure started from a higher level in the 
erect position. 

Gregory in 1945 demonstrated a case of »orthostatic ane- 
mia« successfully treated with DCA. However, a differential 
diagnosis cannot be made between this disease and postural 
hypotension on the basis of the description of this case. 

On the other hand, the effect of DCA on the blood pres- 
sure in other conditions has been studied only to a limited 
extent. For instance, in adrenal insufficiency, the low blood 
pressure may be brought up to normal and sometimes even 
to a hypertensive level {Ferrehee, Ragan, Atchleg & Loeb, 
1939). 

In healthy subjects with a normal blood pressure, the ad- 
ministration of DCA and sodium chloride (10 mg. and 5 — 10 
gm. daily, respectively) does not as a rule cause a change in 
the blood pressure, though a slight increase w’as sometimes 
registered after a few weeks (Per era, KnowJion, Lowell & 
Loeb, 1944). In uncomplicated essential hypertension, DCA 
may cause a rapid rise of blood pi'cssure. This effect has, so 
far, only been described in essential hypertension (Perera & 
Blood, 1947; Perera, 1948). 

Clinton & Thorn (1943) found that in healthy subjects 
DCA increased the plasma volume by an average of 17.5 per 
cent. Sodium chloride alone, increased the plasma volume by 
6 per cent. ■ 

Is the hypertension produced by DCA due to an increase of 
the blood volume? This is denied by Perera ct Blood (1947). 
They gave 10 mg. of DCA and 10 gm. of NaCl daily to ten 
subjects with normal blood pressure and 14 patients wnth es- 
sential hypertension. The blood pressure of tbe normal sub- 
ject remained normal, while it was increased in the hs-^per- 
tensive subject. Both groups, however, showed the same chan- 
ges of blood volume. DCA was administered only for one week 
in each group. 

The question as to why DCA, potentiated by sodium chlo- 
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ride, causes an immediate rise of' the blood pressure in essen- 
tial hypertension still remains unsolved. 

The present authors studied the changes of certain com- 
ponents that might be related to those of the blood pressure 
after long continued administration of DCA and sodium chlo- 
ride, These examinations were made on three healthy sub- 
jects, two cases of postural hypotension and two of ortho- 
static anemia. 


METHODS 

Blood pressure measurements were taken every morning before 
breakfast. A Baum Mercury Manometer was used. The hematocrit 
readings and red blood cell counts were made by routine procedures. 
Determinations of blood volume were made with T. 1824, according 
to Gibson & Evans (1937). Inulin and diodrast clearances were deter- 
mined according to Smith et al. (1938). 

Before DCA was given, the patients were put on a hospital diet 
poor in salt (less than 3 gm. daily), the exact composition not being 
further analysed. After about ten days, DCA and sodium chloride 
were added. The experiments were terminated by a short period in 
which the sodium chloride and DCA supply was discontinued. 


CASE REPORTS AND RESULTS 

Case 1. F. A. No. 1244/48, 26-year-old man suffering from a rup- 
tured intervertebral disc. For two weeks he received 20 mg. DCA and 
10 gm. NaCl daily. There was a very slight rise in the blood pressure. 
The changes in body weight, water balance, hematocrit readings and 
red blood cell counts are shown in fig. 1. 

Case 2. H. G. R. No. 949/48, 25-year-old man with traumatic epi- 
lepsy. Received 20 mg. DCA and 10 gm. NaCl daily for two weeks. 
There was only a very, slight rise of systolic and diastolic blood 
pressure. See fig. 2. 

Case 3. K. G. E. No. 582/48, 37-year-old man suffering from low 
back-ache. Administration of 20 mg. DCA and 10 gm. NaCl daily 
for 13 days resulting in only a very slight and non-significant change 
of blood pressure. For results, see fig. 3. 
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Fig. i. Case i. Male aged 30 years with ruptured intervertebral disc. 
Effect of DCA and sodium chloride on systolic and diastolic blood 
pressure, red blood count and hematocrit reading, fluid halanco, 
body weight (in kg.), plasma and blood volume. The initial plasma 
and blood volumes are indicated with a cross on the line through 
zero; the changes (in ml.) from the initial values are indicated by 
an open (for plasma, PI) or filled (for .whole blood, Bl) column. 
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H.R.cf 25 YEARS 



Fig. 2. Case 2. Male aged 25 years with Irauinaiic epilepsy. 

For legend, see Fig. 1. 

Case 4^). K. 0. V. E. No. 234/47. Unmarried man, 47 years old. 
Symptoms of postural hypotension for over 10 years. Almost com- 
plete invalidism during the last year, could not remain standing up 
without fainting. Except for the abnormal blood pressure reaction 
(fig. 4), no pathological changes could be found. Neurological exami- 
nation gave normal findings. Normal reaction on applying pressure 
to the carotid sinus. No clinical signs of adrenal cortical insufficiency 
(Cutler’s and Kepler’s tests negative). EGG normal on standing up, 
i. e. no orthostatic phenomena. ’WaR negative. 


For detailed case histories in Nos. 4 — 7, see Nordisk Medicin 
40, 1764, 1948. 
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Blood Pressure Mm. fig. 



Pirj. 4. Case 4. Male aged 47 xjears with 'postural hxjpolension. 
Blood pressure and pulse rate in supine and erect posture before 

and during treatment. 

For two weeks the patient received 10 gm. NaCl daily with some 
slight change of blood pressure, from 110/70 to 120/80 mm Hg. During 
a second period, lasting 82 days, we administered 10 gm. NaCl and 
20 mg. DCA daily. There was now a continued rise of blood pressure 
up to 165/100 mm. Hg. During this period the pressure remained at 
an average level of 155 — 160/100 mm. Hg. After the treatment, the 
initial pressure was regained within ten days. 

The blood volume was determined during the last part of the e.v- 
periment. The plasma volume showed a slight decrease towards the 
end of the DCA-period (fig. 5). After .discontinuing DCA, we did not 
find any further decrease. In a previous investigation on this patient 
{Luft, Santesson & Sjogren, 1948), the plasma and blood volumes 
showed a significant increase when DCA was given. 
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DCA. administration was followed by fluid retention (fig. 5). A 
new equilibrium was I’eaclied after about two weeks, while cessation 
of treatment on the whole did not involve any increase in the diure- 
sis. The changes of body weight ran parallel to those of the water 
balance. 

Inulin clearance gave lower values after medication had been 
withdrawn, being a sign of lowered filtration pressure. Diodrast 
clearance remained unchanged throughout the expei’iment, the value 
being fairly low, viz. 390. 

The thei’apeutic effect is illustrated in Fig. 4. The postuz’al type 
of reaction was unchanged. Nevertheless, the patient was relieved 
of the symptoms, as the fall in the blood pressure started from a 
higher level in the erect posture and did not reach the extremely 
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low values noted before treatment. The patient was able to resume 
his former work of a carpentei’. On dischai’ge, five 100 mg. tablets 
of Percorten were implanted. The implantation was repeated five 
months later. 


Case 5. 1. S. M. No. 403/48. Married woman, 53 years old. During the 
past two years she had fainting spells when standing, the spells being 
more frequent in the last months. On admission, she could only walk 
»douhled up«. The abnormal pressure reaction is seen in Fig. 6. 
Neurologic examination normal. WaR negative. EGG normal, no 
>>orthostatic« changes. Normal reaction to carotid pressure. No cli- 
nical signs of adrenal insufficiency. Inulin clearance 77, diodrast 
clearance 444. 


Blood Pressure Mm. Hg. 



Fig. 0. Case 5. Female aged S3 years rvitJi postural hypotensiou. 
For legend, see Fig. 1. 
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1,S.M. ? 55 '^EARS 
POSTURAL HYPOTEHSJOH 



Fig. 7. Case 5. 

Blood pressure and pulse rate in recumbent and erect posture, before 

and during treatment. 


She received 10 gm. NaCl and 20 mg. Percorten daily for 27 days 
(fig. 7). A gradual rise of the blood pressure appeared. After 12 da.ys, 
the blood pressure reached 155/95 mm. and remained at this level 
during the DC.A administration. When treatment was discontinued, 
the blood pressure rapidly returned to its initial level. 

No measurements were made of the blood volume. The changes 
in hematocrit readings and red blood cell counts wore of the same 
type and magnitude as in Ca.ses 1—3. No increase was registered in 
the diuresis after treatment had stopped. The body weight increased 
about 3 kg. during treatment. 

The objectively measurable improvements arc shown in fig. G. As 
in case 4, the postural typo of reaction remained, but the blood pres- 
sure did not fall to such exti-emc values in the erect position. There 
was a marked subjective improvement, and the patient could walk 
about freely, although she still felt a slight sensation when changing 
from a recumbent to an erect posture. On discharge, five tablets of 
Percorten, of 100 mg. each, wore implanted. 


20 * 
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Fig. 8. Case 6. Female aged 3i years with arterial orthostatic anemia. 
Blood pressure and pulse rate in recumbent and erect posture, before 

and during treatment. 


Case 6. E. L. B. No. 442/48. Married woman, 31 years old. For 10 
years, severe headaches and dizziness when standing up. Increasing 
troubles after delivery in 1941 and 1945. Subsequently there were 
more frequent fainting spells. It was difficult for her to remain 
standing up, especially in the morning. She was a pale, slender 
woman. Neurological examination was normal. These were no cli- 
nical signs or laboratory findings indicating organic disordei*. 

EGG at rest normal. When standing up, increase of pulse rate 
from 85 to 135 within eight minutes. Simultaneously depressed ST- 
segments in leads II — II — IV, Ti low, Ts isoelectric, P-waves high in 
all leads. 

Blood pressure and pulse rate in recumbent and standing posi- 
tions, and orthostatic type of reaction are seen in Fig. 8. 

The patient received 20 mg. Percorten and 10 gm. NaCI daily for 
36 days (fig. 9). After two days of treatment there was a rise in blood 
pressure up to 120 — ^130/85 mm. Hg from an initial value of 105/75. 
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Tiu'. prospuro rcrnninecl at. tliis level for the rest of the DCA period 
of treatment and rapidly returned to 105/75 mm. Hg. after the treat- 
ment. 

The administration of DCA was rapidly followed hy an increase 
of 20 p(;r cent in the plasma volume and of 8 per cent in the total 
blond volume. The volume showed a slight fall towards the end of 
treatment. After discontinuing treatment, the volume returned to 
the initial level. DCA treatment also caused water retention, a now 
fluid ei)uilihrium being reached within a w'eek. At the same time, 
the body Avcight increased 3 kg., and the hematocrit readings and 
red blood cell counts wore reduced. The NaCI administration caused 
a moderate increase of diuresis hut no rise of the hematocrit reading. 
When the DCA administration ceased, there "was a slight rise of the 
iiematocvit readings and red blood cell counts, but no increase in 
the diuresis. The body weight was reduced hy one kg. The inulin 
clearance was lowered with the fall in blood pressure after the end 
of the treatment, while the diodrast clearance remained unchanged. 

The therapeutic effect is shown in Pig. 8 and w'as observed wdthin 
one w'oek of treatment. The oidhostatic t 3 'pc of reaction disappeared, 



For legend, see Fig. i. 
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the orthostatic EGG changes were markedly reduced. The symptoms 
completely disappeared. Since discharge from the hospital the pa- 
tient has been treated with Percorten in crystal suspension 50 mg 
intramuscularly every second week. ’ 


Blood Pressure Mm.Hg. —— 



B. During Treotment 



0 ? ; « 
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Fig. iO. Case 7. Female aged years ivith arterial orthostatic 

anemia. 

Flood pressure and pulse rate in recumbent and erect posture, before 

and during treatmeiit. 


Case 7. I. G. M. W. No. 312/48. Married woman, 34 years old. For 
the past four years, handicapped by orthostatic troubles, such as 
dizziness and tiredness on standing up, sometimes accompanied by 
fainting spells. It was difficult for her to remain standing. She was 
a slender, pale, asthenic woman. Neurological examination normal. 
No clinical signs of organic disorder. EGG at rest normal, on stand- 
ing up, orthostatic changes of the same type as in Gase 6. Blood 
pressure and pulse rate on lying down and standing up are shown 
in fig. 10. 

Twenty mg. DGA and 5 gm. NaGl were given daily for 9 days 
(fig. 11). By this treatment the blood pressure increased, from 90/70 
to 110/80 mm. Hg. The hematocrit readings and red cell counts were 
reduced. No closer examination was made. During a second period. 



patient t-eceivcd 20 “toHoT TOol cnoct ia 

evith toe same J ,’ " otiircomp.etoly and was 

SXSd?ndtsl':ot‘:ri: .ale nve suO.insna, taidets ot t m., 
each of Percorten daily. 


I.W. !? 54 YEARS 
ARTERIAL ORTHOSTATIC 



HK(X O/WiV 

Fi(f. //. Case 7. 

For legend, sec Fig. 1. 


DISCUSSION 

DCA and sodium chloride Iiave ])een found lo have a mar- 
ked therapeutic effect in cases of postural hypotension and 
orthostatic anemia. In the former cases tJie effect was accom- 
panied by a rise in blood pressure, i. c., 35 — 55 mm. Hg systo- 
lic and 20 — 40 mm. Tig diastolic, reaching a value of 155 — 165 
/95 — 105 mm. Tig. In the latter cases, the rise in the systolic 
pressure attained 25 mm. Hg, that of the diastolic pressure 
up to 15 mm. Hg, but the blood pressure did not in any in- 
stance reach higher values than 130/90 mm. Hg. T'hrce >dical- 
thy« control subjects showed a blood pressure reaction of the 
same order of magnitude as did the groui) of orthostatic ane- 
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mia. The therapeutic effect in the cases of postural hypoten- 
sion was evidently related to the rise in blood pressure, since 
the postural type of reaction remained unchanged. On the 
other hand, in arterial orthostatic anemia the therapeutic ef- 
fect seemed due to a neutralization of the orthostatic type of 
reaction. 

Previously, a hypertensive effect of DCA has only been 
demonstrated in a few cases of essential hypertension {Per era, 
Knowlton, Lowell & Loeb, 1944, Perera & Blood, 1947, and 
Per era, 1948). 

The connection between adrenal cortical function and 
blood pressure regulation has formed the subject of extensive 
animal experiments during the past years. Goldblatt’s investi- 
gations (1946) showed the significance of the adrenal cortex 
in experimental renal hypertension. The depression of the 
blood pressure produced in Goldblatt’s animals by adrenal- 
ectomy, could he eliminated by DCA. Selije, and co-workers 
(Selye, Hall & Rowley, 1943), produced nephrosclerosis and 
hypertension in their animals b 3 '^ massive doses of DCA. 
Zweifach et al. (Zweifach, Shorr, Baez & Rosenfeld, 1947) de- 
monstrated the role of the adrenal cortex and DCA in the 
production of a vasomotor principle in the kidneys. 

The changes which occurred in the blood volume after 
DCA and NaCl administration were studied. In all the cases, 
a rapid fall was noted in the hematocrit readings and red 
blood cell counts, indicative of an increased plasma volume. 
This was confirmed by direct measurements of plasma and 
total blood volumes with T. 1824. The moderate increase of 
body weight (2 — 3 kg.) was a sign of water retention, as 
was also the discrepancy between fluid intake and urine vo- 
lumes seen in some cases. These changes were of the same 
magnitude in the cases with raised blood pressure as in the 
others. 

After therapy was discontinued the blood pressure rapidly 
fell to the original level in the cases of postural hj^otension. 
However, the hematocrit readings and red blood cell counts 
showed only slight alterations, and the increase of diuresis 
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was but small in postural hypotension as well as in the other 

groups. . 

The results obtained offer strong evidence against the as- 
sumption that changes in blood volume should be chiefly 
responsible for the hypertensive effect of DCA in cases of 
postural hypotension. 

Selije, Hall & Rowley (1943) observed changes in the renal 
parenchyma in his animals after the administration of NaCl 
and massive doses of DCA for a short period. In two of our 
own cases, 20 mg. DCA and 10 gm. NaCl were given daily for 
36 (Case 6), 53 and 82 days (Case 4), respectively. An exami- 
nation of the kidney function wdth inulin and diodrast clea- 
rance did not reval any decrease in glomerular filtration but 
a slight decrease of renal plasma flow' in these cases. 

In a discussion of the mechanism of the hypertensive effect 
of DCA, the fact that glomerular filtration and renal blood 
flow' w'ere moderatclj' lowered in both cases of postural hypo- 
tension must be taken into consideration. The possibility that 
the impaired renal blood flow may have some influence on 
the rise in blood pressure cannot be excluded. 

A third explanation of the hypertensive effect of DCA may 
he found in a direct action on the vascular tone and, thereby, 
on the peripheral resistance. Such a mechanism might account 
for the therapeutic effect in orthostatic anemia. However, the 
question then arises, why w'as only a normal blood pressure 
and not hypertension obtained in these cases. Another ex- 
planation for the therapeutic effect in orthostatic anemia may, 
perhaps, be found in the increased blood volume after DCA 
administration. 


SUMMARY 

1. Desoxycorticostcrone acetate (DCA) and sodium chlo- 
ride had a marked therapeutic effect in two cases of jiostural 
hypotension and hvo cases of arterial orthostatic anemia. In 
the former, the postural type of reaction in the erect ]ioslurc 
persisted, hut the systolic and diastolic blood pressure did not 
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roach cxlrcinoly low values during Ircalnienl. In orlhoslalic 
anemia, the changes in blood pressure and pulse rale disap- 
peared during trealinenl. 

2. 'i'hc effeel of I)(1A and sodium chloride, 20 mg. and 
10 gm. daily, respectively, on the blood pressure, i)lasma and 
blood volume, body weight, water balance, hematocrit rc.'uling 
and red blood cell count was studied in the above cases, and 
in three young men with no signs of circulatory disturbances. 
In the cases examined, we found an increased blood volume 
on the same magnitude as previously described by Clinton cC 
Thorn (11M2) for bealtby subjects. 

.'1. In postural hypotension the treatment produced a sig- 
nificant rise in systolic as well as diasltdic blood ijrossurc. 

■1. There was lui close correlation between tbe changes in 
blood volume and biota! pressure in tbe eases examined. 

a. Tbe autbttrs discuss tbe jtossible relation between tbe 
rise in blood pressurt' and renal function during 1)(',.\ admini- 
stration. 
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Clinique meclicalc, Universile tie Louvain 
(Prof. J. P. Hoet). 

ASSOCIATION DU POLYVINYL-PYRROLIDONE 
A LA PITUITRINE, DANS LE TRAITEMENT 
DU DIABETE INSIPIDE 

PAR 

J. LKDERER 

Le traitemcnt du diabetc insipidc par la piluitrinc n’est 
pas cxemi)t de difficultes. D’unc part les injections soiis- 
cutanees iie provoqucnt leur action anti-diurelique quc durant 
queiques heures (4 a 8 hcnres) d’ou la ncccssitc dans les cas 
graves de les repeler (2 a 5 injections par jour) et dies cveil- 
lent souvent des malaises fort dcsagrcablcs (pCdcur, angoissc, 
cephalees, palpitations, diarrhecs), d’autre part, Tabsorplion 
par la muqueuse nasale sous forme de poudre a'priser peut nc 
pas etre toleree. 

Claisse, Choaij & Choaij (1947 a, b) pour obvier a ces incon- 
venients ont eu I’idee d’associcr les extraits post-hypophysaircs 
a line substance retard, le polyvinyl-pyrrolidonc ou subtosan. 

Voici les resultats observes par Tapplication de cette mc- 
tbodc dans trois cas de diabetc insipidc on ont ete comparees 
succcssivement la diurese par 24 heures lorsque les maladea 
recevaient uniquement de la piluitrinc puis la piluitrinc as- 
sociee au polyvinyl-pyrrolidone. 

Gbez ces malades, la duree d’action de la pituitrinc seule et 
celle de differenles doses de pi tui trine associec au polyvinyl- 
pyrrolidone ont etc cgalemcnt comparees. 
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OBSERVATIONS 

Cas 1. — Mnie Jos. — 62 ans. — est atteinte de diabete in- 
sipide depuis 1 an environ. II s’agit d’un diabete insipide grave 
dont la diurese se situe aux environs de 17 1. par 24 heures. Ni 
I’examen clinique, ni les examens radiologiques, ni les recher- 
ches de laboratoire n’ont pu assigner une cause precise a 
I’eclosion de I’affection. 

La nialade est sonmise aux injections d’extrait post-hypo- 
physaire. Elle reQoit 10 unites de pituitrine en injection sous- 
cutanee. Ces injections n’ont une duree d’action que de 5 a 6 
heures et chaque injection declenche des malaises importants: 
paleur, palpitations, cephalees, diarrhees. Pour amener la 
diurese entre 2 et 3 1., il faut faire a la malade, 4 injections 
quotidiennes do 10 unites de pituitrine. Devant I’ampleur des 
malaises resscntis a I’occasion de chaquc injection la malade 
refuse de faire plus d’une injection par jour de 10 unites de 
pituitrine, inais dans ces conditions, la soif et la polyurie ne 
sont calmees que quelques heures chaque jour et la diurese 
par 24 heures se situe entre 8 et 9 1. 

La malade s’adresse alors a I’extrait post-hypophysaire 
pour prise nasalc. Celui-ci nc combat qu’imparfaitement et de 
maniere inconstante la poljmrie et rapidement la malade de- 
veloppe une allergic vis-a-vis de ce mode d’administration; 
chaque prise est suivie d’une violente crise d’ asthme, aussi la 
malade renonce-t-elle rapidement a cettc methode pour re- 
prendre I’injection sous-cutanee de 10 unites de pituitrine 
par jour. Les malaises provoques par cette injection et son 
action insuffisante entrainant pendant la plus grande partie 
de la journee une soif devorante, rendent la vie de la malade 
des plus inconfortables. 

A ce moment la malade vient en observation dans le ser- 
vice oil apres etude de son cas, il est decide de lui adininistrer 
chaque jour une injection sous-cutanee d’un melange de 1 ml. 
de pituitrine contenant 10 unites Voegtlin et 1 ml. d’une so- 
lution de polyvinyl-pyrrolidone a 20 j). 100. L’effet de ces in- 
jections est remarquable parce que d’une part elles n’eveillent 
plus aucun malaise et que d’autre part leur action sur la 
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diurese est beaucoup pkts intense et prolonge. En effet par 
celte association, la diurese par 24 heures tombe aux environs 
de 3 1., ce qui entraine une enorme amelioration des condi- 
tions de vie. 

La malade regoit ensuite chaque jour une injection d’un ml. 
d’un melange contenant par cc. 10 unites Voegtlin de pitui- 
trine et 25 eg. de polyvinyl-pyrrolidone. Par cette association, 
la diurese est reduite a inoins de 2 litres par 24 heures, ce qui 
suppriine toute sensation de soif anormale en ne provoquant 
aucun malaise. 

Dans la suite est determinee chez cette malade la duree 
d’action de differentes doses de I’association contenant par 
ml. 10 un. Voegtlin de pituitrine + 25 eg. de polyvinyl-pyrro- 
lidone. Avec 1 ml. de ce melange, la sensation de soif est cal- 
mee dans trois experiences successives durant 28 heures, 31 
heures et 29 heures. Avec 2 ml. de ce melange, la sensation 



Graphique II. — Chaque periode indique la diurese durant trois 
jours consecutifs. 1° periode: sans traitement, 2° periode 10 unites 
de pituitrine tous les matins, 3° periode: 10 unites de pituiti’ine 
+ 20 eg. de polyvinyl-pyrrolidone (2 ml.) tous les matins. 
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de soil et I’exageration de la diurese sont calmees dans deux 
experiences successives durant 41 heures et 43 lieures. Avec 3 
ml. de ce melange, la sensation de soif et I’exageration de la 
diurese sont calmees dans 3 experiences successives durant 52 

heures, 54 heures et 49 heui’es. 

Depuis 'S mois, la malade se fait tous les deux jours une 
injection sous-cutanee de 3 ml. du melange contenant par mh 
10 unites Voegtlin de pituitrine et 25 eg. de polyvinyl -pyrro- 
lidone. Ces injections ne lui donnent aucun malaise d’ordre 
general et provoquent une gene douloureuse fort supportable 
durant 2 ou 3 heures au lieu d’injection. La diurese se main- 
tient grace a ce traitement en dessous de 2 litres par jour. 

Cas 2. — M. Van J. — 35 ans, est atteint de diabete in- 
sipide depuis 6 mois. La diurese par 24 heures se situe entre 

5.5 et 6 1. Aucun examen ne permet d’assigner une cause de- 
terminee a Ttelosion de la maladie. 

Le malade revolt chaque matin 1 injection sous-cutanee 
de 10 unites de pituitrine. La soif et la polyurie sont dimi- 
nuees durant 8 a 10 heures. mais chaque injection provoque 
chez le malade de I’angoisse et des palpitations et parfois une 
diarrliee. Sous Teffet de ce traitement la diurese est d’environ 

3.5 I. par jour. 

Dans la suite, le malade revolt chaque matin une injection 
d’un melange de 1 ml. de pituitrine contenant 10 unites 
Voegtlin et de 1 ml. d’une solution de poly^dnyl-pyr^olidone a 
20 p. 100. Sous I’effet de cette association, la diurese tombe 
a moins de 2 litres par 24 heures, faisant disparaitre toute 
sensation anormale de soif. Le malade n’eprouve aucun ma- 
laise a la suite de ces injections. 

La duree d action de differentes doses de ce melange est 
recherchee. L administration de 1 ml. de pituitrine a 10 un. 
par ml. -f 1 ml. de polyvinyl-pyrrolidone a 20 p. 100 calnie 
la soif et la diurese dans 3 experiences successives durant 
40 heures, 37 heures et 42 heures. L’administration de 2 ml. 
de pituitrine a 10 un. par ml. + 2 ml. de polyvinyl-pyrrolidone 
a 20 p. 100 calme la soif et la diurese durant 67 heures. L’ad- 
mimstration de 3 ml. de pituitrine a 100 un. par ml. + 3 ml. de 
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polyvinyl-pyrrolidone a 20 p. 100 calme la soil et I’exageration 
de la diurese dans 3 experiences successives durant 96 heures 
103 heures et 106 heures. 

Depuis 4 mois ce malade se fait tous les 4 jours une in- 
jection sous-cutanee de 3 ml. de pituitrine a 10 unites par ml. 
-j- 3 ml. d’une solution a 20 p. 100 de polyvinyl-pyrrolidone. II 
lui arrive de temps a autre d’eprouver dans les heures qui 
precedent I’injection une sensation de soif exageree et de voir 
augmenter la diurese. 

Cas 3. — M. Dem. — 18 ans, atteint de diahete insipide de- 
puis 3 mois. La diurese par 24 heures se situe entre 7 et 8 1. 
Ni Texamen clinique ni I’examen radiologique, ni les examens 
de lahoratoire ne permettent d’eclairer I’etiologie de I’affec- 
tion. 

Dans une premiere periode, le malade regoit chaque matin 
10 unites de pituitrine. Sous I’effet de ce traitement, la diu- 
rese tomhe aux environs de 4,5 1. par 24 heures, mais les in- 



Grapliique III. — Chaque periode indique la diurese durant 3 jours 
consecutifs. 1° periode: sans traitement, 2° periode: 10 unites de 
pituiti'ine tous les matins, 3° p6riode: 10 unites de pituitrine + 25 eg. 
de polyvinyl-pyrrolidone (1 ml.) tous les matins. 
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jections provoquent de la jjaleur, des cephalees et des palpita- 
tions, rarement une diarrhee. L’action anti-diuretique des in- 
jections de pitnitrine ne dure qu’environ 8 heures ce qui 
n’appaise la sensation de soif que durant une partie seulement 
de la journee. 

Le malade dans une seconde periode regoit chaque matin 
une piqure d’un ml. d’un melange contenant par ml. 10 unites 
. de pituitrine et 25 eg. de polyvinyl-pyrrolidone. L’injection du 
melange ne provoque aucun malaise et combat la polyurie et 
la sensation de soif durant le nycthemere entier; elle ne pro- 
voque aucun malaise. La diurese par 24 heures est d’environ 
2 1 . 

Dans la suite la duree d’action des differentes doses de ce 
melange est determinee. Avec 1 ml. de ce melange, dans 3 ex- 
periences successives le malade voit la sensation de soif et 
I’exageration de la diurese calmees durant 37 heures, 32 heures 
et 39 heures. Avec 2 ml. de ce melange, dans 3 experiences suc- 
cessives, I’activite se prolonge durant 52 heures, 57 heures et 
59 heures. Avec 3 ml. de ce melange, I’activite se maintient 
durant 75 heures, 74 heures et 83 heures. 

Depuis 4 mois, ce malade s’administre tons les 3 jours une 
injection de 3 ml. de ce melange. La diurese se maintient aux 
environs de 2 1. et la sensation de soif anormale n’a plus jamais 
reparu. II existe durant 3 heures environ un endolorissement 
au point d’injection, mais il n’y a jamais de malaise d’ordre 
general. 


DISCUSSION 

La prolongation de 1 action de la 2>ituitrine doit s’expliquer 
par Tabsorption de I’hormone proteinique sur la grosse mole- 
cule de polyvinyl-pyrrolidone, ce qui explique aussi I’absence 
de malaises apres les injections. 

Claisse, Choay & Choay (1947 a) ont en effet constate que 
SI a un extrait post-hypophysaire titrant 20 unites ocytociques 
par ml. on ajoutait 30 p. 100 de polyvinyl-pyrrolidone, ce me- 
lange ne donnait plus au dosage physiologique sur la come 
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uterine in vitro qu’un titre dc 8 unites ocytociques. La dissi- 
mulation de 60 p. 100 des unites ne peut s’expliquer que par 
une adsorption. Par ailleurs, cette dissimulation ne se produit 
pas si les deux produits sont amenes successivement au con- 
tact de la come uterine in vitro. 

Ces memes auteurs ont recherche si Tadministration de 
polyvinyl-pyrrolidone par voic intraveineuse pouvait avoir une 
influence sur Taction dc la pituitrine en injection intramuscu- 
laire. Ils ont constate que Tinjection intraveineuse de 40 ml. 
d’une solution a 20 p. 100 (soil 8 gm. de polyvinyl-pyrrolido- 
ne) prolongeait legerement Taction de la pituitrine mais n’at- 
tenuait nullemcnl les malaises provoques par son administra- 
tion. 

Cette methode constitue un progres certain dans le traite- 
ment du diabete insipide; en effet, comme nous avons pu le 
mettre en evidence dans les trois cas ou nous avons rapporte 
le resultat de ce traitement, cc mode d’administralion d’une 
part supprime les malaises provoques par Tadministration 
separee de pituitrine et d’autre part cahne efficacement la 
sensation de soif qui dans les cas graves, comme dans le 
premier cas peut etre torturante, sans necessilcr la repetition 
des piqures. 

On pourrait ohjccter a cette methode qiTil cst plus simple 
d’administrer la pituitrine en prise nasale. Le cas 1 montre 
cependant que la prise nasale peut provoquer dcs intolerances 
graves, en Toccurrence un asthmc intense. Par ailleurs le pen 
de duree d’action des prises nasales force les malades a repeter 
celles-ci nuit et jour, cc qui finit par creer un veritable etat 
d’obsession. Celui-ci est aggrave par le fait de la rarete de la 
poudre de post-hypophyse qui fait que la recherche de ce pro- 
duit devient dans certains cas une veritable psychose. 

L’administration de doses dc Tordre de 30 unites en injec- 
tion sous-cutanee, en prolongeant fortement Taction anli- 
diuretique de la pituitrine permet de reduire au minimum les 
inconvenients inherents aux injections sous-culanees puisque 
les malades peuvent espacer leurs injections de deux a quatre 
jours. 
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Voici un tableau resumant la prolongation de I’effet de la 
pituitrine associee au polyvinyl-pyrrolidone dans les 3 cas 

etudies. 

Tableau I. 

Prolongation de I’effet de la pituitrine par le polyvinyl-pyrrolidone. 
Duree d’activite notee en lieures. 


1 

1 

1 

Pituitrine 

seule 

10 unites 

1 

Pituitrine associee 
au polyvinyl-pyrrolidone 

10 unit us 1 

20 itnilcs 

30 unites 

cas 1 

5 h. 

28 h. 

41 b. 

52 h. 


6 h. 

31 h. 

43 b. 

54 h. 



29 b. 


49 h. 

cas 2 

8 h. 

40 h. 

67 b. 

96 b. 


10 b. 

37 Ik 


103 b. 



42 b. 


106 b. 

1 

cas 3 

' S h. 

37 b. 

52 b. 

i 75 h. 



32 h. 

57 b. 

74 b. 



39 b. 

59 h. 

83 h. 


Cette metliode rend la vie des malades beaucoup plus coii- 
fortable. Elle evite les malaises si souvent provoques par Tin- 
jection de pituitrine seule, elle enleve au malade la preoccupa- 
tion de devoir renouveler les piqures apres quelques heures 
et leur permet de ne faire une piqure que tous les deux ou 
quatre jours, Elle permet en outre une economie irnportante 
d’hormone puisqu'elle permet a des malades qui avaient be- 
soin de 20 a 50 unites par jour de ne se faire que 30 unites 
tous les 2 ou 4 jours. 

Claisse, Choay & Choay (1947 b) ont remarque qu’en cas 
de fatigues physiques importantes, la duree d’action du medi- 
cament etait diminuee. 

RfiSUMfi ET CONCLUSION 

L’association du polyvinyl-pyrrolidone a la pituitrine ap- 
parait comme un progres appreciable dans le traitement du 
diabete insipide. L’adjonction de cette substance entraine une 
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notable prolongation de Taction anti-diuretique de la pituitri- 
ne; elle permet d’en reduire assez notablement les doses utili- 
sees et d’autre part elle supprime les malaises que provoque 
chez le malade Tinjection de pituitrine seule. 

L’emploi de cette methode dans trois cas de diabete insi- 
pide, dont un particulierement intense (cas 1), a considerable- 
nient ameliore les conditions d’existence des malades en leur 
permettant de ne s’administrer Thormone que tous les 2 a 4 
jours. 


SUMMARY 

J. Lederer: Treatment of diabetes insipidus by means of 
a combination of polyvinyl-pyrrolidone and pituitrin. 

The addition of polyvinjd-pyrrolidone to posterior lobe ex- 
tracts (pituitrin) must be regarded as a valuable improve- 
ment in the treatment of diabetes insipidus. The advantages 
of the use of the combined preparations are the following: 
1° a marked prolongation of the antidiuretic action of pi- 
tuitrin; 2° the possibility of using much smaller doses of 
pituitrin; 3° the elimination of the very disagreable symptoms 
usually produced by pituitrin alone. 

In three cases of diabetes insipidus, one of which was 
especially severe (case 1), this method of administration con- 
siderably improved the well being of the patients, as the in- 
jections could he given every other or everj' fourth day. 
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From the Department of Plmrmacology, 

University of Leiden. 

GROWTH HORMONE AND BLOOD SUGAR 

LEVEL 

BY 

J. H. GAARENSTROOM, J. HUBLE and S. E. de JONGH 

The experiments of Young (1945) have shown that injec- 
tions of growth-promoting hypophyseal extracts may cause 
diabetes in dogs. The way in which this effect is produced, has 
not yet been fully elucidated, but it may be due to an over- 
stimulation of the insulin-production by the pancreas, resul- 
ting in a lesion of the pancreatic islets. This view is supported 
by the fact that stimulation of the insulin production by other 
agents, e. g. by means of continuous or frequently repeated 
dextrose infusions, also leads to a lesion of the islets [Woer- 
ner, 1938, and Dohan et aL, 1948). 

The stimulation of the insulin production might be a direct 
or an indirect effect of the extract. In the first case the extract 
would haA^e a »pancreotrophic« effect, in the second case the 
effect might be due to interference with carbohydrate con- 
sumption. Arguments in favour of the second supposition were 
obtained in experiments which we have recently reported 
(Gaarenstroom et al., 1949). 

On the other hand a pancreotrophic effect may also be in- 
volved. An argument in favour of such an action is the very 
low blood sugar level which follows the single administration 
of a highly purified growth hormone preparation (Marx et at., 
1944). In addition a pancreotrophic effect might be concluded 
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from experiments with rats hypophysectomized 3 — 6 weeks 
l^reviously in which the administration of sugar led to a con- 
siderable rise in blood-sugar concentration {Huble & Gaaren- 
stroom, 1947). In 27 operated animals the blood-sugar value 
reached an average level of 317 mg. per cent, whereas the ave- 
rage of 32 controls was only 129 mg. per cent. Experiments 
performed with only a small number of rats revealed that 
correspondingly high values were not obtained in hypophys- 
ectomized rats if they were treated with growth-promoting 
hypophyseal extracts. This suggested that the apparent di- 
sturbance of the carbohydrate metabolism in the hypophys- 
ectomized rats was due to the absence of the growth -promoting 
hormone. 

Since then, these experiments have been repeated with a 
larger number of rats. As our growth-hormone preparation*) 
wms but partly purified and contained a. o. substances which 
are known to exert an effect on the adrenals and on the thy- 
roid, similar experiments were carried out with adrenalecto- 
mized-hypophysectomized and thyroidectomized-hypophj'sec- 
tomized animals. 


iMETHODS 

Rats varying in weight between 100 and 200 gm. were used. 
The adrenals were removed one week after hypophysectoiny 
and the thyroid gland three weeks before hypophysectomy. 
This proved to be the best way of reducing the mortality of 
these combined operations. The administration of the growth- 
hormone preparation was begun immediately after the re- 
moval of the hypophysis, a dose of 10 R. U. (tail units) being 
given twice daily. The adrenalectomized rats were maintained 
by the administration of desoxycorticosterone acetate, of which 
0.5 mg. was given daily; this treatment was continued during 
the whole course of the experiment. 

Blood-sugar estimations were carried out on the 14th and 
21st day after hypophysectomy, except in the case of the adre- 

*) Kindly put at our disposal by Dr. Dingemanse (Amsterdam). 
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nalectomized animals in which only a single estimation was 
made on the 21st day after hypophysectomy. 

The sugar was administered as a 20 per cent solution of 
dextrose, of which 3 ml. was usually given orally, followed 
after one hour by an intraperitoneal injection of 2 ml. In the 
last series of experiments the whole amount (5 ml.) was given 
intraperitoneally. One hour after the intraperitoneal injection 
the blood-sugar value was determined. In the 16 hours pre- 
ceding the administration of sugar the animals received no 
food. 

RESULTS AND DISCUSSION 

Table 1 gives the blood sugar values of all experimental 
animals. Group A refers to the hypophysectomized rats ; group 
B to the hypophysectomized-adrenalectomized ones and groups 
G and D to the hypophysectomized-thyroidectomized animals. 
In each group about half the animals were injected with 
growth-hormone, whereas the other ones received no further 
treatment, and served as controls. The figures in the columns 
marked Aj, and D^ refer to estimations carried out on the 
14th day after hypophysectomy, the figures in the columns 
Aj, B, Cg and Dj to estimations carried out on the 21st day after 
the operation. Therefore there are in these groups, as a rule, 
for each rat two figures, which are to he found on the same 
line. The first figure in the first column and the first figure 
in the third column belong to the same rat; similarly the se- 
venth figure of the twelfth and of the fourteenth column, etc. 

We have not found in our present control animals the high 
blood sugar values of 300 mg. per cent or more which were pre- 
viously obtained except in the animals which were hypoph 3 's- 
ectomized and thyroidectomized. The average value, though 
being appreciably higher than in normal rats treated in the 
same way, remains in all cases below 200 mg. j^er cent. The 
reason for the discrepancy between the actual values obtained 
in these and in the previous experiments is unlcnown. 

In group A the average blood-sugar value of the treated 
animals on the 14th day after hypophysectomy was found to 
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he 123 (A,) and on the 21 si day lOa ln}^. jier cenl (A„). \vhicli 
means that il had remained on the level whitdi is normal for 
non-hyj)oi)hyseeloini/.ed rals. Heeanse of the rather low hlood- 
sngar values loimd in the cotilrols and the wide ranffc of va- 
riahilily, the difference hetwcen the injected animals and the 
controls was not siftnificant. Similar differences were, how- 
ever, found in all the other ttroups of exi)crimenls, this sug- 
f'esls that the differences I)clwcen the residls found in the 
treated and control animals arc real also at least in f'roup A„. 

If an effect of the pituitary extract on the lilood-sui^ar level 
is accci)lcd, it will 1)C necessary to find out whether this effect 
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is due to the presence of hormones other than the growth hor- 
mone in the preparation, for example adrenocorticotrophic or 
thyrotrophic hormone. The figures of columns B, Cj^ and C, 
seem to indicate that this is not so. In the rats of group B, 
which in addition to the hypophysectomy had been adrenalec- 
tomized, the differences in blood-sugar level between the ex- 
perimental animals and the controls are the same as in the 
rats that had been hypophysectomized only; the same also ap- 
plies to the hypophysectomized thyroidectomized rats of group 

and presumablj^ too to those of group C,. 

We can therefore conclude that treatment with a pituitary 
extract having a marked growth-promoting activity lowers the 
increase of the blood-sugar value after sugar administration, 
and that this effect is not mediated either by the adrenals or 
by the thyroid, and is therefore probably due to the growth 
hormone contained in the extract. 

It may be that the improvement of the general condition 
caused by the administration of growth-hormone allows of a 
more rapid and more efficient use of the available sugar, re- 
sulting in a lower blood-sugar value of the treated animals 
after loading. That the general condition may be of impor- 
tance, is suggested by the fact that the blood-sugar of animals, 
which died between the 14th and 21st day of the experiments, 
was above the average. A poor state of health might diminish 
the rate of absorption of the sugar given orally. To test this 
possibility, we carried out a series of experiments in which 
hypophysectomized-thyroidectomized rats received the wdiole 
amount of sugar by the intraperitoneal route (D^ and DJ. As 
the difference remained of the same order of magnitude, the 
influence of the rate of absorption, if present at all, does not 
seem to be of much importance. 

If it can be accepted that the effect of growth hormone is 
specific, then it is most likely due to a pancreotrophic action. 
The existence of a » pancreotrophic hormone« has already been 
a point of debate for years. Anselmino et al. (1933) intro- 
duced the idea of its existence because they found that the 
administration of pituitary extracts led to an enlargement 
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of the pancreatic islets. The same effect was also noted by 
Richardson & Young (1937) and hy Best et. al. (1942). Re- 
moval of the hypophysis, on the other hand, does not lead to 
atrophy of the islets (cf. e. g. Houssay, 1942), and oxidation 
of sugar continues, although, as our experiments suggest, at 
a reduced rate. 

Although the results of our experiments do not give a de- 
cisive answer to the question of the existence or non-existence 
of a pancreotrophic hormone, they nevertheless seem to be in 
favour of the idea that growdh hormone might possess pan- 
creotrophic properties. In an attempt to offer a physiological 
basis for the diabetogenic effect of growth promoting hypo- 
physeal extracts we previously suggested that the accumula- 
tion of sugar caused hy the growth hormone was needed to 
stimulate insulin production indirectly. Insulin is known to 
contribute to protein synthesis {Mirsky, 1938) and, therefore, 
may be in some way involved in the process of growth (Gaa- 
renstroom et al., 1949). The indirect stimulus would no longer 
be necessary if insulin secretion is accounted for by a pan- 
creotrophic influence of the growth hormone. The remaining 
reason for the diabetogenic influence would then be that it 
protects the body against hypoglycemia, which otherwise 
would result from the increased insulin level in the blood. 

Further study will he required to elucidate the true nature 
of this complicated mechanism. 

SUMMARY 

The increased rise of the blood-sugar level after the ad- 
ministration of sugar in hypophysectomized rats, as compared 
with normal rats, is prevented by the administration of a 
growth-promoting pituitary preparation. 

Similar or comparable differences between treated and 
non-treated animals were observed in hypophysectomized- 
adrenalectomized and hypophysectomized-thyroidecton ized 

rats. 

The possibility that the effect of the pituitary preparation 
might be considered as »pancreotrophic« is discussed. 



323 


REFERENCES 

Anselmino, K. J., Herold, L. <& Hoffmann, F.: Klin. Wchnschr. 12, 
1245, 1933. 

Best, C. H., Campbell, J., Haist, B. E. & Ham, A. W.: J. Physiol. 101, 
17, 1942. 

Bohan, F. C. & Lukens, F. D. IF.; Endocrinology 42, 244, 1948. 
Gaarenstroom, J. H., Huble, J., A; de Jongh, S. E.: J. of Endocrinol, 
(in press). 

Houssay, B. A.: Endocrinology 30, 884, 1942. 

HubU, J. & Gaarenstroom, J. H.: Abstr. 17th Int. Physiol. Congress, 
276, 1947. 

Marx, W., Herring, V. V. & Evans, H. M.: Am. J. Physiol. HI, 88, 
1944. 

Mirsky, I. A.: Am. J. Physiol. 424, 569, 1938. 

Richardson, K. C. & Young, F. G.: J. Physiol. 91, 352, 1937. 

Woerner, C. A.: Anat. Rec. 71, 33, 1938. 

Young, F. G.: Biochem. J. 39, 515, 1945. 


Acta endocrinol. Vol. 2. IV 


22 



Acta endocrinol. 2, 324 — 334, 1949. 


From the Department of Medicine, District Hospital 
Ostersund, Sweden. 

THE ELECTROCARDIOGRAM 
IN HYPOCALCEMIA AND HYPOTHYREOSIS 

BY 

OLOF LJUNG 

In hypocalcemia a prolonged Q — T interval is pathogno- 
monic. In addition, abnormal T-waves are not infrequently 
found. As a rule they are either low or iso-electric. Occa- 
sionally, they may also he negative. Otherwise the tracings 
do not show any changes which can be regarded as typical of 
hypocalcemia. In a recent paper dealing with the electrocar- 
diogram (ecg) in hypocalcemia {Ljung, 1949), I drew atten- 
tion to the fact that hypocalcemia alone is probably respon- 
sible for the changes in the ecg, particularly in idiopathic and 
post-operative hy^pocalcemia (i. e. in hypoparathyreoidism). In 
hypocalcemia due, for instance, to uremia, coma hepaticum, 
intestinal diseases, etc., other factors may be involved in pro- 
ducing these changes. Among the cases discussed in the paper 
mentioned above there were twenty cases of postoperative 
hypocalcemia. In three of them, hypothyreosis was also pre- 
sent. Data on the frequency with which this combination oc- 
curs are not available. The number of cases studied was not 
sufficiently large to allow of any definite conclusions. Never- 
theless, the assumption seems to be justified that the combi- 
nation of post-operative hypocalcemia and hypothyreosis is 
not uncommon. 

In hypothyreosis the T-waves are often low, iso-electric or 
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negative; occasionally they may even assume a »coronary« 
shape. In addition, low P-waves and QRS-compIcxcs arc fairly 
often found. Also bundle branch block may occasionally oc- 
cur. Zondek (1918) was the first to draw attention to the 
changes in the eegs of patients suffering from hypothyreosis. 
Later, several investigators (Willins & Haines, 1925, Older & 
Abrnnison, 1934, and others), confirmed this obscivalion. 

From the above statements it is apparent that the abnor- 
mal 4’-wavcs observed in hypocalcemia and hyjmthyreosis may 
have the same configuration. Their behaviour, however, seems 
to differ. In hj'pothju'cosis ahnormal conditions arc often re- 
vealed by the ccg after exercise or in induced hypoxemia. Tliis 
also applies to the eases of hypothyreosis in which the eegs 
at rest arc normal (Larsen, 1938). In cases of hypocalcemia, 
the response of the patients to these tolerance tests has hither- 
to not been studied. In 5 cases of hyjiocalcemia in which ah- 
normal T-waves were recorded I have personally examined the 
patients after exercise. All of them responded norninlly 
[Ljung, 1949). 

In some cases of hyj)ocalcemia J observed a marked in- 
stability of the T-waves. Normal T-waves alternated with ab- 
normal ones, not only from day to day, but even from liour 
to hour (Ljung, 1949). To my knowledge there arc no di>la 
available which show that the T-wave also tends to show a 
similar instability in hypothyreosis. This question requires 
further investigation. 

The main purpose of this paper is to direct attention to the 
possible existence of a combination of hypocalcemia and hypo- 
thyieosis as well as to its significance in the inler))relalion of 
the eegs. 


MATERIAL AND RESULTS 

In the three cases presented here the i)alienls were women 
on whom subtotal thyroidectomy had been performed for thy- 
reotoxicosis. After this operation the patients developed Iclanv 
and myxoedema. A short account of the history of these pa- 
tients is given in 4'able I. 



Table -/. 

Electrocardiographic changes in response to vitamin D and thyroid therapy in 3 cases of hypocalcemia associated with myxoedema. 











































1) 1 millimeter corresponding to 0.1 millivolt. 

2) The relative Q— T interval represents the length of the Q— T 
interval in relation to the normal Q— T interval as determined from 
the formula: Q — T = 0.2 X R — R + 0.18 (Ljung, 1948). 
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Fig. i. 

Case 1. Electrocardiographic changes correlated with the clinical 

manifestations. 

a) May 5, 1945: iNIild thyrotoxicosis, 
b— c) June 26, 1945; Hypocalcemia following subtotal thyroidectomy. 
Note changes in the T-waves occurring during the course of 

one day. ^ • . t 

d) June 16, 1946: Hypocalcemia and hypothyreosis. Negative i- 

waves and markedly prolonged Q— T interval. 
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DISCUSSION 

In hypocalcemia the serum calcium is usually restored to 
normal in response to adequate vitamin therapy within one 
or two weeks. As the serum calcium rises the ecg usually re- 
turns to normal. Hypothyreosis, however, does not respond 
as readily to routine thyroid therapy. It also takes a much 
longer time for the ecgs to become normal in these cases. 

In case 1, marked changes in the Q — T interval and the T- 
wave were observed whilst the patient was under observation. 
The factors involved in producing these changes in this case 
could be deduced froni the general clinical picture. After ope- 
ration the patient developed hypocalcemia producing pi*olon- 
gation of the Q — T interval. In addition, the T-wave showed 
a marked instability: normal T-waves alternated with ab- 
normally low ones in the course of one day. After some time, 
the patient again showed symptoms of tetany. Apart from a 
marked prolongation of the Q — T interval there was also evi- 
dence of negative T-waves in the three usual limb leads. This 
ecg suggested that hypothyreosis had developed. The other 
clinical features supported this assumption. 

In response to vitamin D 2 therapy combined with thyroid 
therapy, the serum calcium became normal. This produced 
only a shortening of the Q — T interval while the negative T- 
waves persisted. As the hypothyreosis subsided, the T-waves 
gradually returned to normal. After the condition had been 
completely cleared up, the T-waves became normal. 


f— g 


Text to Fig. 1 (continued). 

e) July 3, 194G: Norma] serum calcium values; hypotlijneosis 
practicalljr unchanged. Q — T interval shorter (compare with 
d). 

July 16— Oct. 10, 1946: Normal serum calcium values; hypo- 
thyreosis regressing in response to thyroid therapy. T-waves 
returning toward normal. 

b) Hypothyreosis overcome; serum calcium value restored to 
normal. Normal tracings. 

1 ) No evidence of hypothyreosis; hypercalcemia (15 mg. per cent). 
Broad and rounded T-waves. 
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For a short period of time the patient exhibited hypercal- 
cemia which produced a typical » rounded « configuration of 
the T-wave. There were no appreciable changes in the QRS- 
complex in this case whilst the patient was under observation. 

In case 2 the serum calcium was restored to normal after 
ten days’ treatment with vitamin and thyroid. The T-waves 
which were abnormally low, increased only very slightly du- 
ring the course of this therapy. The value of their height cor- 
responded at that lime to that usually considered as repre- 
senting the limit between a normal and an abnormal T-wave. 
The QRS-complex which was at first rather low, did not show 
any changes. After treatment had been continued for another 
few w'eeks, the myxoedema was cleared up and both the T 
wave and the QRS-complex increased markedly in height. In 
this case too hypercalcemia was found on one occasion. As in 
case 1 the T-wave assumed a typical »rounded« shape. 

In case 3 the patient was at first treated only wnth vita- 
min Dg. After ten days of this therapy the serum calcium 
was restored to normal. The abnormally low’ T-w’aves in- 
creased slightly in height but they did not return to normal. 
In response to thyroid therapy, how’ever, the hypothyreosis 
gradually regressed, the T-w’aves became normal, and the 
QRS-complex increased markedly in height. 

In the same w'ay, as marked hypocalcemia may be present 
in the absence of manifest tetany, hypothyreosis may be pre- 
sent in the absence of myxoedema. Nevertheless, both these 
conditions may produce changes in the ecg. If there is a com- 
bination of hypocalcemia and hypothyreosis, either condition 
may be »asymptomatic« and may escape observation. If this 
happens, the condition producing typical sj’mptoms may in- 
correctly be made responsible for tiie electrocardiographic 
changes seen in a given case. The relatively low’ QRS-com- 
plexes observed in cases 2 and 3 W’ere produced by hypothy- 
reosis. Although hypothyreosis seems to have been a contri- 
butory factor in producing the prolongation of the Q — T inter- 
val, these tw’o cases suggested that hypocalcemia w’as the 
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main factor involved. It may seem strange that on the occa- 
sion when abnormally high serum calcium values were le- 
corded in cases 1 and 2, the length of the Q— T interval cor- 
responded to that found in the presence of normal serum cal- 
cium values. In cases of hypercalcemia I have often observed 
that the T-wave assumes a more »roimded« shape than in the 
presence of a normal calcium value, whilst the Q T interval 
does not undergo any appreciable changes. This also applies 
to cases 1 and 2 discussed liere. This phenomenon which has 
to my knowledge not yet been described in the literature, will 
not he discussed here at any length. At the present stage of 
our knowledge it is not possible to determine its significance. 

If there is a combination of hypocalcemia and hypolhyrco- 
sis, either condition maj' be the main factor responsible for 
producing the low and negative T-waves. In the three cases 
presented here hypothyreosis was the main contributory fac- 
tor. The abnormal T-wavc did not show any instability. Nor 
did subcutaneous or intravenous administration of 1/4 mg. of 
ergotamine (Gynergen-Sandoz) bring about any ai)preciablc 
changes in the T-waves. 

In cases in which hypocalcemia or hypothyreosis arc not 
recognized because of the absence of tj^pical signs or symp- 
toms the abnormal traeings are, as a rule, incorrectly ascribed 
to an organic myocardial lesion. Tliis ap]dics in ijarticular to 
the abnormal T-waves. The factors producing them in these 
cases are still undetermined. It is generally assumed, how- 
ever, that they are not due to an organic myocardial lesion 
hut rather to a functional disturbance. 

SUMMARY 

The shape of the electrocardiogram in hypocalcemia and 
hypothyreosis is briefly discu.ssed. It is pointed out that tlic 
ecg majOm abnormal in hypocalcemia without tetany, as well 
as in hypothyreosis without myxoedema. If these conditions 
arc not recognized, the electrocardiographic changes may in- 
correctly he ascribed to an organic myocardial lesion which 
probably does not exist. 
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Three cases of manifest tetany associated with myxoedema 
are reported. These cases were observed among 20 cases of 
postoperative hypocalcemia discussed in a previous paper. On 
the basis of the general clinical picture it was possible in these 
cases to differentiate between the electrocardiographic changes 
due to hypocalcemia and those produced by hypothyreosis. It 
is emphasized that the possible presence of a combination of 
hypocalcemia and hypothyreosis should always be considered. 
Otherwise it is possible that the changes in the electrocardio- 
gram which are due to hypothyreosis, may be incorrectly 
ascribed to hypocalcemia or vice versa. Moreover, the possi- 
bility should always be borne in mind that the changes may 
be due to both conditions. 
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From the Department of Women’s Diseases, 
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(Pj-ofessor A. Westman, M. D.) 

ABRUPTIO PLACENTAE IN VITAMIN E 
DEFICIENT GUINEA PIGS") 

By 

AXEL INGELMAN-SUNDBERG 

In a series of pajjers E. V, Sluitc (1935 — 1942) slates lliat a 
deficiency of vitamin E can induce premature separation of 
the normally implanted placenta in tvoinen, and that vitamin 
E therap 5 ^ can cure the disease if given at an early stage. He 
supports his theory by clinical experience, and by experiments 
in animals using his reaction for the estimation of free oestro- 
genic substances in blood. The anti-protcolytic properties of 
blood serum are determined by trypsin digestion, and he 
claims that the digestion is inhibited by an oestrogen. In cases 
of abruptio placentae the blood level of this substance is raised. 
This fact should, according to Sbutc, disturb the normal pro- 
teolytic implantation of the placental villi, and thus cause the 
premature separation of the placenta. However, objections 
have been raised against 5/m/e’s reaction {Cuthbertson & 
Drummond, 1939; Drummond, Noble & Wright, 1939). 

In order to study this problem a series of experimental in- 
vestigations have been made, the first of which is presented 
here. Guinea pigs were chosen as experimental animals as they 
have a hemochorial placenta like women. In Ibis species, ex- 
perimental separation of the placenta has been produced ))v 


) Aided by a gi’ant from tl)c Harold och Greta Jcaas,<>o?i,s’ Stiftclsc. 
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giving the pregnant animal injections of histamine (Hofbauer, 
1926), oestrogens or gonadotrophins {Zondek, 1929; Kellij 
1931). The gonadotrophins have been thought to cause the 
premature detachment by stimulating the ovaries to increased 
oestrogen production. 

In experiments on five guinea pigs Pappenheimer & 
Goettsch (1941) observed death of the fetus in pregnant ani- 
mals on a diet low in vitamin E. In spite of the fact that the 
diet was supplemented with 25 gm. of fresh lettuce daily, and 
that each animal received 5 — 10 mg. of alpha-tocopherol ace- 
tate each week haemorrhagic and anaemic necrosis of the 
placentae developed. The authors state that a blood stained 
vaginal discharge was observed, hut do not mention whether 
a premature separation of the placentae was observed, nor do 
thej' describe any pathological changes in the placental ves- 
sels. Examination of the dead fetuses did not give any clear 
explanation of the cause of death. They stated that further 
observations were necessary before one could conclude that 
the placental lesions were of primary importance. I have been 
unable to find any further studies on this problem in the 
available literature. 

MATERIAL AND METHODS 

Female guinea pigs were used, weighing 200 — 300 gm. at 
the 'beginning of the experiments. Thej’^ were all from the 
same stock and were obtained through a local dealer. They 
ate a diet of casein-dextrin type. Diet 12 {Ingelman-Siindberg, 
1948), i. e. almost free of vitamin E, as all constituents ex- 
cept the lard (6 per cent of dry substance) had been extracted 
with alcohol and ether. All animals were given the diet for at 
least three months before they were mated (body weight about 
500 gm.). Five animals were given Diet 12 only plus 2.5 mg. 
ascorbic acid daily (group B). Four guinea pigs received the 
same diet, but during pregnancy vitamin E was injected intra- 
peritoneally on different days of pregnancj" as an acpieous so- 
lution of dl-alpha-tocopherylphosphate (CogH^gOo ■ PO-NaJ 
(group P). Sixteen animals were each given Diet 12 supple- 
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mented with 2.5 mg. ascorbic acid and 0.04 — 1.60 mg. alpha- 
tocopherol daib^from the beginning of the experiment (groups 

Q -0). Twelve animals receiving hay, turnips etc. served as 

controls (group A). The vitamin E was given by tube in the 
pharynx daily as an aqueous solution of alpha-tocopherylphos- 
phate. For details of feeding, a previous article should be con- 
sulted {Ingelman-Sundbei'ff, 1948). The animals were mated 
in proestrus by being placed with a normal male in a cage foi 
24 hours. In this way the exact date of conception could be 
fixed. After mating the vaginal membrane was observed every 
day. When the vagina. was 0 ]mn, and a blood stahicd discharge 
was seen, this was always taken as a sign of beginning sepa- 
ration of some of the placentae. The animals were then killed 
and examined. In most cases the placentae were at any rate 
attached to the uterine wall, which then Was also removed for 
histological examination. The ])lacentac were fixed in 10 ]icr 
cent formalin, and after gelatine embedding were cut in 10 ii 
sections with a freezing microtome. Paraffin sections of 5 u 
were also prepared. Unstained frozen sections were mounted 
in glycerol for polarizing microscopy. Other sections were 
stained with haemaloxylin and cosin or hacmalocylin and van 
Gieson’s stain. Specimens were also taken from the extensor 
musculature of the thighs and fixed in sublimate formalin 
(concentrated solution of mercuric chloride 1 ])arl. 35 j)er cent 
formalin 1 jmrt, distilled water 2 parts) stabilized with excess 
of iodine {Ingclman-Siindberg, 1934). Paraffin sections of 5 n 
were stained with haemaloxylin and eosin or with haemaloxy- 
lin and van Gieson’s slain. The control animals were killed on 
different days of pregnancy, and the placentae were examined 
in the same manner as the other ])laccnlac. No specimens. 
however, were taken from the musculalurc in these animals. 

RieSULTS 

The results are presented in Table 1. Only the conlrols aiul 
the animals receiving at least 1.60 mg. free tocopherol dailv 
continued to full term. The other animals all showed a total 
or partial jiremature separation of the placentae. 
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In all cases except animal N 6 the fetuses were normal. In 
this case one fetus was a monster, but the other one was nor- 
mal. The fetuses of animals A 48 and B 24 were examined hi- 
stologically, and a large number of sections made, but no pa- 
thological changes were detected. Animal F 30 gave birth to a 
fetus on the 63rd day of pregnancy. It lived for only 3 hours, 
but at autopsy was found to be normal, and the histological 
examination of the musculature did not reveal any pathological 
changes. Animal N 8, which was killed on the 60th day of 
pregnancy showed no signs of placental separation. Three 
living fetuses were found at the time of autopsy, but only one 
of them remained alive; it lived for three hours in spite of the 
fact that no animal could take care of it. In the thigh muscu- 
lature of this particular fetus some microscopic haemorrhages 
were seen, but no muscular dystrophy was observed. Animal 
P 36, which had received 12 mg. of free tocopherol on the 
20th, 45th, and 55th days of pregnancy had a premature sepa- 
ration of the placenta on the 60th day, when it was killed. 
Two normal fetuses were found. One was asphyxiated and 
did not breathe despite normal heart action; the other one 
lived for two hours. Microscopical examination showed that 
the musculature was normal in both. Premature guinea pigs 
seldom remain alive, even if the prematurity only amounts 
to 3 — 4 days. Thus it is quite reasonable to expect that guinea 
pigs born on the 60th to 62nd day instead of on the normal 
68th to 70th day should die shortly after birth. 

The different placentae of any one animal always showed 
the same picture even if the severity of the changes varied to 
some extent. Table 1, therefore, shows the mean changes 


Text to Table /. 

Observations on normal pregnant guinea pigs {series A), pregnant 
guinea pigs given an almost vitamin E free diet for at least 3 months 
before mating {series B), pregnant guinea pigs on the same diet 
supplemented by tocopherol 0.04 — 1.60 mg/day {series C — 0), and on 
E-deficient pregnant guinea pigs given vitamin E by injection on 
different days of pregnancy {series P). 
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found in the placentae of each animal. Placentae older than 
55 days did not show any pathological changes, except those 
characteristic of the normal ageing placenta. In placentae 
which had separated earlier than the 55th day, marked patho- 
logical changes were often found. On gross examination, com- 



Tho uterus of tlio E-dcficient guinea pig P IS (Table 1), which died 
on the 45th day of pregnancy due to partial separation of the 2 
placentae to the left, followed by a large intrauterine haemorrhage. 
The placenta to the right does not show any separation, but as in 
the other placentae necrotic areas and haemoiThages are seen. 

Fixation in 10 per cent formalin. 


plete or partial separation of at least one placenta was found 
with placental haematomata or haemorrhages outside the fetal 
membranes, and areas of anaemic and haemorrhagic infarc- 
tion were regularly present (Fig. 1). In animal P 18 the in- 
trauterine haemorrhage was so great that it caused the sudden 
death of the mother on the 45th day of pregnancy. On micro- 
scopical examination, degenerative vascular changes of the 
maternal vessels of the placenta were seen; this probably being 
the cause of the necrosis and the haemorrhages (Figs. 2 — 4). 
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In the large and medium sized vessels they chiefly consisted 
of papillomatous proliferations of the intima and incrusted 
deposits in the other layers of the vessel, where aty])ical syn- 
cytial giant cells were seen. The changes in the small vessels 
somewhat resembled those of a vasculitis, and there was in- 
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On examining the frozen sections of the placentae and ute- 
rine walls a birefringent substance, as described by Dempseij 
& Wislocki (1944), was seen (Fig. 5). The amount of this 
substance varied, and bore no significant relation to the 
amount of vitamin E supplied to the animal (Table 1). 



Fig. 3. 

Section from the right placenta of Fig. 1. Haematoxylin and van 
Gieson’s stain. Magn. 24 X. In the upper part an infarction is seen. 
In the intima of the vessel below, papillomatous proliferations are 
present, and atypical, syncytial giant cells are observed in its outer 

layers to the right. 

In several of E-deficient placentae, large, sudanophil, bi- 
refringent crystals of a yellow colour were found near the 
base of the placenta (Fig. 5). They did not stain with iodine, 
nor was there any discoloration with 1 per cent chromic acid, 
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and the iron reaction was negative. The Liebermann-Burchard 
reaction by the Schultz method was negative, and a brown-red 
colour appeared after treatment with sulphuric acid. Because 
of these various reactions, the crystals were considered to he 
some kind of metabolic pigment. 

In animals, P 36 and P 38, which after mating had received 
larger amounts of vitamin E by injection, neither vascular 
changes nor crystals were seen. In animal P 28, which received 
24 mg. vitamin E on the 28th day of pregnancy, there were 
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Fig. 5. 

Unstained section of a placenta and the corresponding part of the 
uterine wall of the E-deficient guinea pig B 16 (Table 1). Crossed 
Nicols. X 5 oc., X 3.2 obj. A microcrystalline, birefringent substance 
is faintly visible towards the base of the picture corresponding to 
the labyrinth, and in the upper part of the picture corresponding 
to the uterine wall. In between, large, double refracting crystals are 
seen lying in the subplacenta. 


DISCUSSION 

From the results it is evident that the premature separa- 
tion of the placentae wms caused by an inadequate supply of 
vitamin E, as only the conti’ols and the experimental animals 
receiving 1.60 mg. of free tocopherol were able to carry their 
young to term. As seen from Table 1, the separation of the 
placentae also took place at a later period of pregnancy when 
increasing amounts of tocopherol were administered orally or 
given by injection. 

Examination of the placentae separated prematurely re- 
vealed severe vascular changes in the maternal vessels in- 


t 
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volving infarction of the placental tissue and haemorrhages. 
Such changes were not found among the controls nor when 
sufficient amounts of vitamin E were given. Hence a hypo- 
vitaminosis seems to he the primary cause of these changes. 

In several preniaturclj' separated placentae crystals con- 
sisting of some sort of metabolic pigment were found near the 
attachment of the placenta to the uterine wall. These crystals 
were never seen without accompanying vascular changes, hut 
less severe vascular changes were found in the absence of au]^ 
crystals. These may therefore possibly be a product formed 
during metabolic changes in infarcted tissues. 

Similar placental alterations have been described by Sain- 
martino & Blanchard (1946) in rabbits receiving ocslrogens 
during pregnancy. In placental separations caused by hisla- 
mine, as described by Hofbancr (1926), however, no com- 
parable vascular changes were found, .fudging from the patho- 
logical findings, therefore, an oestrogenic effect may be the 
cause. An investigation of this problem is now in i)rogrc.ss. 
Before these latter experiments arc completed, no definite con- 
clusions can be drawn about the results obtained l)y Shnliu 


SUMMARY 

Guinea pigs were given an almost vitamin E free diet, and 
varying amounts of dl-alpha-tocophcrylphos]dmtc. After three 
months the animals were mated'. 

With a daily supply of less than 0.4 mg. free loco])herol 
the animals aborted on the 20th to 30th day of pregnancy due 
to necrosis and premature separation of the placentae. With 
increasing amounts of vitamin E abortions took place at suc- 
cessively later stages of pregnancy, and the pregnancy ended 
with normal delivery when the animal received 1.60 mg. daily. 

The separation of the ])laccntae was caused by changes in 
llic mafernal vessels of Uic placenta, and there was infa'rclion 
0 the placental tissue and hnemorrh.ages. These changes were 
often ollowed by the deposition of large, hirefringenl, yellow 
crystals consisting of a metabolic type of pigment. All these 
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pathological changes were prevented by a sufficient supply 
of vitamin E. The origin of the changes is discussed. 
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From tlie Department of Women's Diseases, 
the Caroline Hospital (Professor A. Wcslman, IM. D.) 
and the King Gnstaf V Research Institute, Stockholm. 

THE ASCORBIC AGIO CONCENTRATION IN THE 
BLOOD OF THE RABBIT 

CHANGES UNDER NORMAL CONDITIONS, FASTING AND 
AFTER STIMULATION WITH GONADOTROPHIC 

HORMONES 

BY 

BERNT HOKFRLT 

Andrews and co-workers have studied the effect of gonado- 
trophic stimulation on the ascorbic acid concentration in the 
blood of various animals. In bovine animals they demonstra- 
ted a considerable and relatively rapid decrease in the as- 
corbic acid content following the administration of pregnant 
mare serum gonadotrophin (PMS) {Erb & Andrews, 1942, 
Andrews & Erb, 1942). No such change, however, seemed to 
occur in the chicken and the rat (Andrews & Erb, 1943, Alm- 
qnist & Andrews, 1944). Lardu, CMsida & Phillips (1944) ob- 
served a decrease in the blood ascorbic acid level after a fir.sl 
injection of pregnant marc serum (PMS) in the shcc]>; a fur- 
ther injection, however, caused a rise. The same authors de- 
monstrated a decrease in the content of ascorbic acid in the 
blood after the injection of PMS both in pseudopregnant and 
in anoestrous rabbits. 

The effect of gonadotrophic stimulation thus appears to 
vary in different species of animals. Routine determinations 
of the blood ascorbic acid of the rabbit performed in connee- 
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tion with other investigations on the effect of the gonado- 
trophic hormone have given results indicating that gonado- 
trophic stimulations is not the only cause of the variations. The 
present investigations were made on the changes in ascorbic 
acid content of the blood of the rabbit; its normal variations 
during 24 hours fasting, as well as those observed after the 
administration of pregnant mare serum gonadotrophin -were 
determined. In order to exclude the possibility that the serum 
gonadotrophin would have a secondary effect on the ascorbic 
acid in the blood through the formation of oestrogenic hor- 
mones by the ovary, experiments were also made on spayed 
rabbits. 


MATERIAL AND METHODS 

The experiments were performed on adult feniale rabbits 
only. Determination of the blood ascorbic acid: Blood was 
withdrawn by means of arterial puncture of the ear. The 
wound was heparinized and closed with a clamp after each 
sample was taken. Only in exceptional cases was it necessary 
to make more than one puncture. 5 ml. of blood was precipi- 
tated with 15 ml. of 6 per cent trichloracetic acid. After fil- 
tration the samples were treated with norit. Determination of 
the ascorbic acid concentration was then made immediately, 
using the method described by Roe, Kuether et al. with 2.4- 
dinitrophenylhy^drazine (Roe & Kuether, 1943, Roe & Oester- 
ling, 1944, Mills & Roe, 1947). The colorimetric determina- 
tions were made with a Beckman spectrophotometer (wave- 
length 540 mu). 

Pregnant mare serum gonadotrophin (Antex Leo^) was 
administered intravenously in a dose of 450 I. U. 

The anaesthetic used in ovariectomy was citodon-Na 
(Leo^). 

The diet consisted of turnips, hay and grain; the animals 
were fed every day at approximately 10 a. m. The fasting ani- 
mals w^ere allowed free access to water. 

These preparations were kindly placed at the writer’s disposal 
by A.-B. Leo, Hiilsingborg. 
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RESULTS 

Table 1 shows the ascorbic acid concentration in the blood 
of normal rabbits at different limes during the 24 hours. The 
concentration at 12 noon was chosen as the basic This 

varied in the different animals within the limits of 0.92 to 
1.38 mg. per cent. A gradual increase took place during the en- 
suing hours. A maximum was reached at midnight with an 
average increase of 47 per cent. The concentration then started 
to fall and at 9 a. m. was 14 per cent below the basic value. 
After 24 hours the concentration had once more risen to its 
original level. 

As can be seen from Table 2, fasting for 30 hours caused a 
decrease of 44 per cent as compared with the ascorbic acid 
concentration found at 12 noon on the daj'^ before the begin- 
ning of the fasting period. After a further six hours’ fasting, 
the level fell by approximately 60 per cent and thereafter 
during the following 18 hours remained relatively unchanged 
at this low level. 

The changes in the ascorbic acid concentration following 
an intravenous injection of 450 I. U. PMS at 12 noon were 
studied in a third group of animals. A comparison of Tallies 
1 and 3 reveals that there was no apjireciable difference lic- 
tween the 24-hour variations in this group and in those ani- 
mals to which no gonadotrophin was administered. Following 
the administration of PMS, a peak in the ascorbic acid con- 
centration was reached at midnight — as was the case in 
the controls. 


Table 4 shows the results in animals to which PMS was 
administered after fasting for 36 hours. The fasting alone 
caused a decrease in the concentration of ascorbic acid in the 
blood of 54 per cent on the average. The lowest level was noted 
a further two hours after the injection of PMS, i. e, —60 per 

nrth 12 noon 

R s to demonstrate with certainty that 

PMS causes changes in the concentration of ascorbic aci^h! 
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Tallin //. 

Blood nscorldc ncifl in raliliHn to which ioO I.ll. PMS was adminish'rcd intcavcMumsly after 30 hours’ fasting. 
'Flic nornial value.-; gi\i- (he Idood ascorhic aciti c»»iiccntr.ation at 12 noon on tlit; day i^roceding tl\e beginning 

of (he fast. See also (e.xt to Table 1. 
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Fig. /. 

A; Normal animals (Table 1). 

B: 450 I. U. PMS administered to normal animals {Table 3). 
C: After 30 lirs. fasting (Table 2). 

D; 450 I. U. PMS after 36 hrs. fasting (Table 4). 


latively constant (v. fig. 1). It can therefore he assumed that 
the 24-hour variations in the ascorbic acid level in the blood 
correspond to its absorption from the intestinal tract. 

As can be seen from the results, it was not possible to 
show that PMS had any definite effect on the ascorbic acid 
concentration in the blood either in normal or in castrated 
female rabbits. It is difficult without further study to give 
the reason why the results reported here differ from those of 
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Lardy, Casida & Phillips (1944). It is not, however, impossible 
that the above authors failed to pay sufficient attention to 
the 24-hour variations which normally occur in the ascorbic 
acid concentration in the blood. 

SUMMARY 

Under normal conditions, the ascorbic acid concentration 
in the blood of normal and castrated female rabbits shows 
typical 24-hour variations with a maximum at midnight and 
a minimum in the morning. After 30 — 36 hours’ fasting, on 
the other hand, the ascorbic acid concentration remains at a 
relatively constant but low level. 

The administration of pregnant mare serum gonadotrophin 
(450 I. U. Antex Leo intravenously) to normal and spayed 
rabbits produces no definite changes in the blood ascorbic 
acid content either in normal or in fasting animals. 
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From the Medical Depaidment of Maria Hospital, 
Helsingfors. (Professor Fr. Saltzman) 

LYMPHOCYTOPENIA AND EOSINOPENIA AFTER 
PROLONGED INTRAVENOUS ADRENALINE 
INJECTION ON MAN 

BY 

H. HORTLIXG and A. PEKKARINEN 

It is generally believed that injections of adrenaline cuta-, 
neons as well as intramuscular, induce a transient leucocyto- 
sis in the peripheral blood. This increase in leucocytes is 
characterized by a greater and swifter increase in lymphocytes 
within one hour as compared with the increase in segmented 
nuclear granulocytes, which is smaller but of longer duration. 
In animal experiments an increase in immature granulocyte 
forms and a changed function of the hone marrow have been 
recorded, whereas in man a statistically significant increase 
in rod nuclear granulocytes has been found, and is observed 
even when the increase in mature forms has ceased (Hortling, 

1948) . The eosinophil leucocyte count is said to decrease a 
few hours after the administration of adrenaline (cit. Halberg, 

1949) . In the investigation by Hortling (1948) the decrease 
was, however, insignificant. Lymphopenia after adrenaline in- 
jection has been recorded in animal experiments by a few in- 
vestigators. Subcutaneous (Harlow & Selije, 1937, Latt & Hen- 
derson, 1937) and repeated intravenous injections (Malmejac 
et al, 1948) as well as intraperitoneal injections (Gellhorn & 
Frank, 1948) were tried. In the two latter investigations, which 
were published when the present work was going on, the lym- 
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phopenia could not be established in adrenaleclomizcd ani- 
mals. As there is evidence that administration of adrenaline 
increases the concentration of adrenocortical hormone in the 
adrenal vein (Vogt, 1944), the last mentioned observations are 
of interest in connection with the fact that !ympho]>enia and 
eosinopenia have been recorded both in animals (White & 
Dougherty, 1945) and in man (Hills ct aL, 1948) after 
the administration of corticotrophic and certain cortical hor- 
mones. On the other hand it has not been proved that the ad- 
ministration of adrenaline in man will induce lymphocytope- 
nia, which is the more remarkable, as the effect of adrenaline 
on the animal organism appears to differ in some respects 
from that observed in man (compare' Hovtling, 1948). It there- 
fore seemed to he of interest to investigate the effect of pro- 
longed adrenaline administration on the peripheral blood pic- 
ture in man. 


METHODS AND MAI'ERIAL 
In the experiments an infusion apparatus, constructed by 
Lahti and ostling according to the same main principles ns 
applied by Knrode and Straub, was used. The apparatus allows 
of an even, adjustable infusion rate for periods of several 
hours. The needle is inserted into a cul)ital vein. Out of con- 
sideration for the patient the infusion period did not exceed 
one hour. The preparation Exadrin Astra Avas used. 

The doses varied between 0.2 and 0.3 y/kg./body weight })cr 
minute. According to the findings of various investigators 
summarized hy Pekicnrinen (1948) ])oth adrenals at rest se- 
crete about 0.08 y /kg./min. and with increased secretion the 
average output is 0.2—1 .0 y /kg./min. The dose administered in 
the present study is thus ])hysiologically possil)le. 

All the subjects tolerated the infusion well. Symptoms such 
as palpitation, trembling and agitation were ]n-cscnt in varying 
degrees in all of them during the course of the adrenaline ad- 
ministration. The symptoms disappeared within a few minutes 
after cessation of the infusion. Flusliing of the face was fre- 
quently observed for a short time after the adrenaline admini- 
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slralion has /.ecu suspended. The period ot infusion varied 
hclwecn 40 and 60 minutes. 

Jhc peripheral blood picture \vas determined by tests from 
Ibo finger tij) of fasting persons. The first drops were not 
used. The erythrocyte, reticulocyte and leucocyte counts as 
well as the hemoglobin percentage according to Sahli were de- 
termined. In 0 experiments the composition of the arterial 
blood was also determined in the radial artery. The blood 
tests were taken before the beginning of the adrenaline infu- 
sion, 10 minulc.s later, approximately in the middle of the in- 
fusion, and immediately before the administration was dis- 
continued. Further tests were made V 2 , 1^2 and 21/2 hours 
after cessation of the adrenaline infusion. The erythrocyte 
count was determined by means of Lcitz counting chamber, 
and 200 small squares were counted. For the determination of 
the leucocyte count the same instrument was used and 12 large 
squares were counted. A differential count was made on 400 
leucocytes in smears stained according to May-Griinwakl- 
Giemsa. The reticulocyte count was determined in per cent of 
1000 erythrocytes. The hemoglobin percentage was determined 
with the aid of Helligc’s normal hemometer. The averages were 
calculated on the checked values. 

The cx]iorimcnts were carried out on IS hospital patients. 
4 of whom had some infection; the others had no infections 
and no blood, nervous or other severe disorder. The control 
cases were in the main persons in good health. 

RESULTS 

The results of the 13 tests arc presented in Table 1 and 
Figs. 1 and 2. Fig. 1 shows the variations in the averages for 
the absolute cell counts within the different cell types. The 
differences in per cent of the values before the beginning of 
the tests, arc presented in Fig. 2. The variations in the different 
cell types to which the jirescnl study applies are described in 
details as follows; The segmented nuclear granulocyte count 
increased from an average of 37fl2/mnF to a maximum of 
5367/mnv'' (the increase was 42 per cent) at the end of the 



Tabic I. 

Vaiiations in the percentage of rod nuclear granulocytes and 
lymphocytes in the peripheral blood in the 13 adrenaline tests. 
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adrenaline infusion. After suspension of the infusion it de- 
creased slightly and then again slowly increased to a maximum 
of 6291/mm'' 21/2 hours later (67 per cent). The rod nuclear 
gianiilocyte count (metamyelocytes and myelocytes included) 
increased during the adrenaline infusion from 352/mm'' to 
623/mm'' (77 per cent) at the etid of the infusion; a maximum 
of 1079/mm'' (207 per cent) was reached IV^ hour after dis- 
continuation of the infusion. During and after the administra- 
. tion of adrenaline a slight increase in metamyelocytes in the 
peripheral l)lood was recorded in 9 cases and 2 of them also 
showed a slight addition of myelocytes. The lymphocyte count 
increased from 1740/inm'' before infusion, to a maximum of 
4820/mm'' (177 per cent) as a consequence of the adrenaline 
effect. Following suspension of the infusion a rapid depression 
occurred, so that a level of 986/mm'’ ( — 43 per cent) was noted 
Vz hour later. This depression could still he recorded 2^/2 hours 
after infusion had been suspended ( — 20 per cent). The eosino- 
phil granulocytes behaved in the same way as the lymphocytes. 
From the initial level 158/mm'’ the average rose during the 
adrenaline administration to a maximum of 269/mm'' (70 per 
cent) and declined to 65/inm'' ( — 59 per cent) IV 2 hours after 
susjjcnsion of the infusion. The monocytes also showed an in- 
crease during the adrenaline infusion from 507/mm'' to a maxi- 
mum of 1016/mui'’ (100 per cent) and a decrease half an hour 
after cessation of the infusion to 356/mm'' ( — 30 per cent), 
when the level api)roached normal values. 

The regular appearance of the variations was remarkable. 
Common to all the tests were the increase in rod nuclear gra- 
nulocytes and the lowering of the lymphocyte count below 
the initial level on suspension of the adrenaline infusion, 
while an increase in lymphocytes during the adrenaline ad- 
ministration was recorded in 12 tests out of 13. The variations 
in the eosinophil granulocyte count described above, as well 
as the decrease of monocytes below the initial values were 
also found in 12 of the 13 tests. Statistical treatment was 
therefore considered unnecessary. — In Table 1 the results 
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Variations in absolute count of erythrocytes (E), leucocytes (total 
count, L), segmented nuclear granulocytes (sg), lymphocytes (ly) and 
rod nuclear granulocytes (I'ocl) during and after intravenous adre- 
naline infusion. Mean values of 13 tests. 

of the differential count for rod nuclear granulocytes and 
lymphocytes in per cent are shown. In some cases at least, the 
variations are considerahle. 

In order to eliminate differences in the distribution of the 
leucocytes in the peripheral blood as a possible cause of the 
variations found, some control experiments were carried out. 
In 6 tests, injection of distilled water in the same quantity and 
with the same technique as used in the adrenaline tests did 
not affect the peripheral blood picture to any considerable 
degree. In 6 adrenaline tests, blood was also taken from the 
radial artery simultaneously with some tests from the finger 
tip, and the same variations were recorded in the arterial blood 
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Variations in per cent of rod nuclear granulocytes (rod), segmented 
nuclear granulocytes (sg), monocytes (mo), lymphocytes (ly) and 
eosinophil granulocytes (eo) during and after intravenous adrenaline 
infusion. Mean values of 13 tests. 

as in the peripheral blood. The values in the arterial blood 
were in the main somewhat lower than the values found in 
the blood from the finger tip. Previous experiments by Hortling 
have proved that the solvent of adrenaline in the preparation 
Exadrin Astra, which was used in the present study, does not 
affect the perii^hcral blood picture on intramuscular injection 
and that the variations in the leucocyte picture after adrena- 
line arc also present in venous blood. 

In Fig. 1 the mean values for erythrocytes during infusion 
are also shown. A slight tendency to fall is seen. This also 
applies to hemoglobin. The average for erythrocytes fell from 
4.581 millions/mnr'’ before to a minimum of 4.33S/mnF 2^2 
hours after the adrenaline infusion, while the hemoglobin 
l)ercentage fell from an average of 92 to the lowest value 88, 
Ve liour after suspension of the adrenaline infusion. Colour 
index averaged 1.00 before and 1.05 % hour after infusion. 
The small variations, which were not regular, do not seem to 
suggest that appreciable variations in the blood concentration 
occurred. The reticulocytes were examined at 9 tests. No ap- 
parent alterations were found. 
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DISCUSSION 

The decrease in granulocytes appearing as a late effect 
during and after prolonged adrenaline infusion in doses not 
exceeding the amount which could be physiologically present 
in the adrenal veins, has also been recorded after intramuscu- 
lar and subcutaneous injection, though not regularly. A new 
observation in man is the appearance of a sudden decrease of 
lymphocytes count after the cessation of the adrenaline infu- 
sion to values lower than the initial ones. The lymphocyte 
values increased during the adrenaline administi*ation. The 
eosinophil granulocytes behave in the same manner and so do 
also the monocytes, though more transiently. Hence 1% hours 
after cessation of adrenaline administration the leucocyte 
picture in the peripheral blood ver 3 ’’ much resembles that seen 
after administration in man of adrenocorticotrophic hormone 
and of 17-hydrox5'corticosterone {Hills et al., 1948). These ob- 
servations suggest the possibility that the administration of 
adrenaline stimulates the adrenal cortex to increased activity, 
though whether this effect is a direct one or mediated through 
the pituitary gland cannot at i?rescnt be stated. Thus there 
appears to be evidence that continuous intravenous adrenaline 
administration induces a reasonably’ constant change in the 
leucocyte count in the peripheral blood, a change which can- 
not be attributed to alterations in the distribution of these 
cells in the blood or to altered blood concentration. The most 
probable cause of this change appears to be a change in the 
regulation of the cell counts concerned. The sudden fall in 
the number of certain cells might possible be attributed to a 
disintegration of these cells (compare White & Doughertii, 
1945). 

Experiments aiming at a closer examination of the nature 
of the effect of prolonged intravenous adrenaline administra- 
tion on the blood picture, as well as on the blood chemistry 
are in progress. 

SUMMARY 

V 2 -~ 2 y 2 hours after intravenous adrenaline infusion in 
man for a period of about 50 minutes, an increase in the ah- 
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solute rod nuclear and scgincnlcd nuclear granulocyte counts 
in the i)ci'i])hci'al hlood occurred, while the lymphocyte and 
cosino])hiI granulocyte counts decreased during the same pe- 
riod to values below the initial ones. In the course of the adre- 
naline infusion all these cell types increased. The observations 
are based on 13 tests and the variations found were constant. 
It is j)ossil)lc that the variations in the hlood picture after 
cessation of adrenaline infusion may he atlrihuted to increased 
activity of the adrenal cortex. 
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From the Endocvinologic Department of Serafimcrlasarettol, 
Stockholm. (Rolf Luft, M. D.) 

THE SIGNIFICANCE OF RENAL FUNCTION FOR 
THE EFFECT OF DESOXYCORTICOSTERONE 
ACETATE (DCA) IN ADDISON’S DISEASE*) 

BY 

ROLF LUFT and BJORN SJOGREN 

Disturbed water and salt metal)olism is a cardinal symp- 
tom in Addison’s disease. It causes dehydration of the patient, 
as well as hypotension and, to some extent, asthenia. 

The disturbed fluid balance is manifested l)y an incapacity 
to respond in the normal way to rapid changes in the fluid 
supply. When a fairly large quantity of fluid is administered, 
e. g., in a water test or with Kepler’s test, this is excreted 
more slowly than normal and the urine docs not undergo 
maximal dilution {Robinson et al., 1941, Lcvi; ct nh, 19-16). 

Talbott et al. (1942), in cases of adrenal cortical in- 
sufficiency, found a reduced glomerular filtration rate and 
renal plasma flow, t)ic filtration being proportionately more 
reduced. These authors also discuss the earlier litcralurc on 
this subject. Recently Wnterlwusc tO Kcntmnnn (1948) de- 
monstrated a marked reduction of glomerular filtration and 
renal plasma flow in their cases of Addison’s disease. 

In important annual experiments a number of authors 
have confirmed the significance of the adrenal cortex for rc- 


’) Tlio DCA used in the prc.scnt investigations was «Percovlon« 
Ciba wliich was kindly placed at our disposal hv Ciba Proihiktei' 
AB, Stockholm. 
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nal function [Porak & Chabanier, 1914, Marshall & Davis, 
1916, Hartman et al, 1927, Swingle, 1927, Harrop et ah, 1933, 
Silvette & Britton, 1933, Harrison & Harrow, 1939, Gersh & 
GroUman, 1939, Kottke et aL, 1942, Gaunt, 1946). The most 
consistent findings after adrenalectomy were an increased 
nonprotein nitrogen and urea concentration in the serum, de- 
layed water excretion and reduced glomerular filtration. 

Patho-anatomical investigations have demonstrated the 
occurrence of tubular degeneration in cases of Addison’s di- 
sease {Barker, 1929). These changes have also been observed 
in animals after adrenalectomj^ {Swingle, 1927, Hartman et al., 
1927), and may be prevented by the administration of cortical 
extract {Simpson & Korenchevskij, 1935). However, other in- 
vestigators have not been able to confirm these findings 
{Harrop & Weinstein, 1932, Gersh & GroUman, 1939). 

Some French investigators (de Gennes et al., 1947) have 
pointed out that the occurrence of renal damage should be 
taken into consideration in the treatment of Addison’s disease 
since this might play a part in the patient’s reaction to DCA. 
»L’hypertension seche« might be produced in these patients 
by DCA. 

The secondary effects seen in cases of Addison’s disease in 
the course of treatment with DCA are, principally, peripheral 
edema, circulatory insufficiency and hypertension {Ferrebee 
et al., 1939, Me Cullagh & Rijan, 1940, Thorn et al., 1942). 

In connection with an investigation on the effect of DCA 
under varying conditions, the present authors observed that 
the administration of DCA to patients suffering from renal 
damage could give rise to edema and hypertension. In healthy 
persons the fluid retention and increase of blood pressure with 
the same kind of treatment were only moderate {Luft & Sjo- 
gren, 1949). In this paper, the factors necessary for such se- 
condary effects in cases of Addison’s disease are studied, with 
particular reference to their connection with disturbances of 
renal function. 
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CLINICAL INVESTIGATIONS 
Tlic investigations comprise five males and one female, all 
with definite clinical signs of Addison’s disease. The data arc 
given in Table 1 in which the results of Kepler’s lest arc also 
rej) rod need. 


Table /. 

Clinical (lain iv six r,ascs of adrenal ivsn!ficicnc]i. 


Patient 

Se.x 

i 

Age at 
Onset 

Duration 
of Disease 

Blood 
Pressure 
Mm. Hg. 

Kepler’s 

Test. 

Index 

1. 

2M8 

M 

35 years 

6 months 

90/55 

12 

O.L. 






0 






G.30/.iS 

S. A. .1. 

iM 

23 years 

9 months 

100/65 

7.8 

3. 






osms 

N. A. S. N. 


21 years 

9 months 

90/50 

9 

4. 






59G/18 

M 

53 years 

7 months 80—120/70 



K. 1 . 1-:. 






5. 

47G/48 

K. E. L. 

M 

27 years 

1 — 2 years 

115/70 

19 

G. 

90/48 

E. H. M. L. 

F 

44 years 

5 years 

120/80 

12 


The effect of large doses of DCA and sodium ehloride was 
tested m all the cases. The results are presented in Table 2. 

It can he seen from this table that three patients reacted 
with a moderate rise of blood pressure. One of these patients 
reached a blood pressure of 150/100 mm. Hg. but only after 
one month of treatment with large doses of DCA and saline 
Simultaneously, the hematocrit and red blood corpuscle values 






Tabic 2 . 

Effect of laryc doses of DCA and sodium chloride in adrenal 

insufficiency. 
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fell, indicating increased plasma volume. The increase in 
weight was considerable but the fact that the patient was de- 
hydrated by being put on a diet deficient in salt for a w’eek 
before the DCA test should be taken into account. The real 
increase in weight was actually only 3 — 4 kg. Only slight 
edema was found, and this disappeared in spite of continued 
administration of DCA. 

Case 4 reacted with rapidly developing edema which made 
it necessary to discontinue treatment with DCA. However, the 
blood pressure remained unchanged. The patient showed the 
usual signs of increased plasma volume. 

In Case 6 a rapid and marked increase in the blood pres- 
sure set in in spite of the decrease of DCA to a quarter of the 
original dose. 

These three different types of reaction to DCA are illu- 
strated in Figs. 1 — 3. 

The renal function was also examined in the same cases 
of Addison’s disease (Table 3). 


Table 3. 

Renal function in adrenal insufficiency. 


Pa li- 
en I 


Urine 


Album- 

inuria 


C!i.sts 

and 

Red 

Cells 


NPN 

Water Test (1000 ml.) 

1 

Clearance 

Tests 

Img. pr. 
cent 

I Excretion 
in 4 Hours 
ml. 

.Maximum 

Cone. 

I Spec. 
Cirnv. 

Maximum 

Dilut. 

Spec. 

Grav. 

Glomeru- 
lar Filtra- 
tion 

ml./min. 

Renal 

I Plasma 
Flow 
ml./min. 

40 






40 

905 

1.021 

1.011 

81 

424 

46 

<400 



81 

438 

46 — 60 

825 

1.016 

1.008 

18 

176 

57 

465 

1.022 

1.007 



40—60 

855 

1.012 

1.005 

44 



1 . 

2 . 

3. 

4. 

5. 
C. 
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S.A.J. i 2^ YEARS 



and sodium chloride on hlood pressure, red blood cell counts and 
hematocrit readings, fluid balance, body weight and clearance 

values. 

It emerges clearly from the table that changes in renal 
function were noticed in all the cases examined. The water 
test showed, above all, inadequate capacity to dilute and to 
concentrate. However, it should be emphasized that the water 
test can be analysed only when the fluid balance of the pa- 
tient is known. Thus, Case 3 showed a comparatively normal 
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K.I.E. i 54 YEARS 



Case 4. Adrenal insufficiency and chronic glomcrulo-nephritis in a 
S4 years old male. For legend, see Fig. 1. 

water lest at the first examination when additional sodium 
chloride had recently been given. When the test was repeated 
a few days later, the patient revealed the typical signs of re- 
tarded excretion. This is in contrast to the findings of Reforzo- 
Memhrives et al. (1945), who deny the influence of additional 
saline, when given previous to the water test. 

In all these cases examinations of the glomerular filtration 
and renal plasma flov; show lowered values. In the first cases. 


Acta cndocrinol. Vol. 2. IV 


25 
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CREATIMlnE 

CLEARCMCE 



55 1 


54- 


S3 

BODY SZ j 

WEIGHT 51 1 

KG 

sol 


ASJ 


AS-l 


ZOOOt 

— uRtriE 

My'OAT 1000 
—--FLUID 
IMTAKE 

%o1 

oA 

REDC 

Yuo 

htcb 





LH.M.L ? YEAR5 

CHRONIC glomerulo- 
nephritis 

ADRENAL INSUFFICIENCY 


"'“‘■SfiArfO 


Fig. 3. 

Case 6. Adrenal insufficiencij and chronic glonicrulo-nevhrilis in a 
fth years old female. For legend, see Fig. 1. 


the renal function was only moderately reduced, and in the 
two lastmentioned cases the clearance values were considei- 
ably decreased. 

Thus the cases in which secondary effects in the form of 
edema or rapidly developing hypertension developed on admi- 
nistration of DCA also showed the least satisfactory renal 

function. 

In three cases the authors were able to study the renal 
function after a period of DCA administration (Table 4). 
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Table 4. 

Effect of DCA on renal function in three cases of Addison's disease. 


Pati- 

ent 

i 

1 

1 

1 

Clearance Tests 

(riuilin-UiocIrasl) 

K epler’s 
Test 

Glom. Filir. 
nil./min. 

llcnal 

Plasma Flow j 
ml. /min. j 

Fillration 

1 Fraction 

1 

I. 

Before DCA 






After » 

110 




2. 

Before DCA 

81 

424 

0.19 

7 


After » 

98 

474 

0.21 

255 

3. 

Before DCA 

81 

438 

0.18 



After » 

130 

442 

0.29 



From tile above table it is evident that DCA was capable 
of improving the filtration rate in two of the cases. In one of 
these, the water test was repeated and found to be normal. 
In Case 1 the inulin clearance was studied only during the 
course of Percorten treatment and showed a normal value. 

Chronic DCA administration, on the other hand, failed to 
improve renal function in Cases 4 and 6, the water test still 
disclosing hyposthenuria whilst the nonprotein nitrogen value 
remained well above the normal. In Case 4, death occurred 

owing to uremia and autopsy revealed a chronic glomerulo- 
nephritis. 


To sum up, the following observations was made: 

1. Disturbed renal function occurred in all the cases of Addi- 
son s disease examined. 

2. Routine examinations and water tests did not allow of 

differentiation between cases with functional and organic 
renal damage. 

3. Only by renal clearance tests was it possible to detect the 
presence of organic renal damage with any degree of pro- 


25 * 
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4. The administration of DCA and sodium chloride improved 
the disordered renal function in the cases without organic 
renal disease. 

5. The administration of DCA caused edema or hypertension 
only in cases with organic renal disease. 

DISCUSSION 

The disturbances of renal function observed in the present' 
cases of Addison’s disease were of two different kinds, viz., 
those with only moderate changes in the glomerular filtration 
and renal plasma flow, and those with markedly reduced 
clearance values. The former were improved by the admini- 
stration of DCA and sodium chloride. We presume that these 
cases had a functional renal disturbance, while the latter cases 
showed manifestations of a complicating organic renal di- 
sease. In one of the cases the organic renal damage, i. e. a 
chronic glomerulonephritis, was verified at autopsy. 

It may he assumed that there is a connection between the 
decreased clearance values and an altered vascular tone in 
the cases with moderate changes in the clearance values. The 
lowered vascular tone is manifested by hypotension and a low 
filtration fraction. 

However, Waterhouse & Keutmann (1948) on the basis 
of their clinical observations state that such a relation between 
hypotension and lowered filtration is hardly likely. We feel, 
ho%vever, that these authors have paid too little attention to 
the possibility that the very low clearance values in some of 
their cases might be due to complicating organic renal disease 
such as chronic glomerulo-nephritis. The same authors did 
not find any improvement of renal function during DCA treat- 
ment. In contrast to Waterhouse & Keutmann and in agree- 
ment v?ith the present authors, Talbott et al. (1942) were able 
to increase glomerular filtration with DCA in five cases of 
Addison’s disease. 

As another example of the relation between vascular tone 
and renal function, we have reproduced in Table 5 the effect 
of Gynergen in two cases of postural hypotension. In these 
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cases Gynergen increases the blood pressure and at the same 
■ time brings the renal function back to normal. 

Table 5. 


Renal function in two cases of postural hypotension. 


Patient 

Blood 
Pressure in 
Recumbant 
Posture 
mm. Hp. 

■Water Test 
(1000 ml.) 
Excretion 
in 4 Hours 

1 

Clearance Tests 
Glomerular 
Filtration 

1 

/. ! 
K. 0. V. E. 

j 

Before 

Gjmergen 

1 

90/60 

115 

29 

(^creatinine) 






3/47 

After 

Gimergen 

175/125 

i 

700 

1 

GO (inulin) 

0 

mi* 

E. G. J. 

1078/46 

1 Before 
Gynergen 

90/60 

I 

340 


> creatinine 

After 

Gynergen 

170/120 

1100 

IQ 


Our investigations, therefore, suggest that there is a re- 
lation between a dicreased vascular tone and the lowered 
glomerular filtration seen in uncomplicated cases of Addison’s 
disease. However, we do not as yet know the significance of 
the duration of the disease with regard to a decrease in the 
clearance values. In our own three cases, where an improve- 
ment of the filtration rate was obtained by the administration 
of DCA, the duration of the disease was only 6 — 12 months. 

It has been demonstrated by animal exiieriments that DCA 
in large doses can produce organic renal damage (Selije et al., 
1943—44). A few investigators have been unable to verify 
these findings {Bechgaard & Bergstrand, 1949). Knowlton 
et at. (1946), on the other hand, found that renal damage due 
to nephrotoxic serum was aggravated by the administration 
of DCA. The question as to whether a relatively long period 
of DCA administration may jn-oduce renal damage in patients 
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suffering from Addison’s disease is, therefore, an important 
one, but has not yet been elucidated. We were able to treat a 
patient suffering from postural hypotension with 20 mg. of 
DCA and 10 gm. of sodium chloride daily for a total period 
of six months {Luft, Santesson & Sjogren, 1948, Luft & Sjo- 
gien, 1949), but this ti*eatment produced no further decrease 
in the originally low clearance values. 

In the present investigations, the diagnosis of organic renal 
damage in hvo of our cases proved of great value for both the 
therapy and prognosis. The fact that both these cases reacted 
differently was of particular interest. One developed edema 
without any rise in the blood pressure, the other had a rapid 
rise of blood pressure but no edema. The same type of reaction 
to DCA was observed by us in cases of organic renal damage 
without adrenal insufficiency. We hope to return to this 
question. 

The two cases with organic renal damage could only be 
treated with small doses of DCA, insufficient to affect the 
patient’s asthenia to any appreciable extent. In these cases 
testosterone propionate was of special therapeutic value since 
it improved the patient’s condition considerably {Luft & Sjo- 
gren, 1949). 

It is thus possible that the immediate complications due 
to DCA treatment in Addisonian patients may often be caused 
by a complicating renal disease. 

SUMMARY 

The renal function was studied in six cases of Addison’s 
disease. Disturbed renal function w'as ascertained in all six, 
viz. increased non protein nitrogen values, abnormal water 
tests and reduced glomerular filtration and renal plasma flow. 
In two cases the clearance values w^ere moderately lowered, 
in two others a more marked reduction of the renal function 
was observed. In two of the cases — both with only moderately 
reduced renal function — DCA and sodium chloride caused 
improvement of the renal function. In the authors opinion, 
the disturbed renal function prior to treatment in these two 



cases was due to functional damage, largely connected with 
an altered vascular tone. 

In the two cases with a more severe reduction in the renal 
function, a complicating organic renal disease probably oc- 
curred. This was verified at autopsy in one of the cases. The 
administration of only small doses of DCA in both these cases 
produced complications in the form of edema or liypertension. 

The authors consider that a disturbed renal function is of 
considerable significance in the immediate occurrence of 
complications arising from the usual treatment of Addison’s 
disease with DCA and sodium chloride. 
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From the Medical Department of tlic City and County Hospital, 

Odense, Denmark. 

THE FUNCTION OF THE ENDOCRINE GLANDS 
IN DIABETES MELLITUS 

A CLINICAL STUDY OF 107 CASES 

BY 

PAUL IIORSTMANN 

For a number of years follo^ving the cliscovery of insulin 
it has been commonly accepted that diabetes mellitus in man 
is due to a deficient pancreatic secretion of insulin. A nc^Y and 
important fact in the problem of the etiology of the disease 
appeared when Hoiissay (1930, 1931). and Houssni) & Biasotii 
(1930) showed that hypophyseclomy in pancrcalectomix.ed 
animals greatly alleviated the diabetes, thus suggesting that 
the pituitary gland secretes a diabetogenic factor. Later (1937) 
Toung was able to produce a jierinanent diabetic stale in dogs 
by injections of anterior ])iluilary lobe extracts. Further, it 
was demonstrated that this kind of diabetes is most readily 
produced in adult dogs, in which the onset is ])reccdcd by an 
increase in weight, while injections of ]htuitary extracts in 
puppies cause acceleration of growth, diabetes occurring only 
with intense treatment; in tlic latter case growth ceases 
(Yoiimj, 1941 b, 1944, 1945). 

Tiiese experiments led to the investigation of the signi- 
ficance of other endocrine glands- in the pathogcne.sis of the 
disease. The results of animal experiments were reviewed by 
Houssaij (1037). The most outstanding facts, in addition to 
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Ihe importance of the pituitary gland, are as follows : Thyroid 
extract may cause diabetes in partly pancreatectomized dogs 
hut not in normal dogs. Sometimes the diabetes continues after 
stopping thyroid feeding (metathyroid diabetes, Houssay, 
1944). Thyroidectomy increases the sensitivity to insulin, but 
does not cure diabetes. Adrenalectomy produces hypersensiti- 
vity to insulin, and this is also seen if the medulla only is re- 
moved. Pancreatic diabetes is alleviated by adrenalectomy. 
Inffle (1941, a) showed that administration of 17-hydroxy-ll- 
dehydi’ocorticosterone to normal rats caused hyperglycemia 
and glycosuria (adrenal steroid diabetes). Conn et al. (1948) 
were able to produce a temporary diabetes mellitus in man by 
injections of purified pituitary adrenocorticotrophic hormone. 
They conclude that »so far as pure pituitary fractions are 
concerned, adi*enocorticotropic hormone has been found to 
have the greatest diabetogenic effect of any tested to date.« 

Evidence of diabetes mellitus in man caused by endocrine 
disturbances other than pancreatic deficiency is scanty. Acro- 
megaly resulting from an eosinophile adenoma of the pituitary 
gland is fairly often associated with diabetes (yet, according 
to Wilder (1940), only in 6 to 9 per cent of all cases). Also, 
pituitary basophilism is fairly frequently combined with dia- 
betes. Alleviation of diabetes by destruction or removal of the 
pituitary gland (the Houssay phenomenon) has been reported 
four times in man (Lyall & Innes (1935), Chabanier et al. 
(1936), Kotte & Vonderahe (1940), Feldman et al. (1947)). 

Tumours (adenomas) of the adi’enal cortex ai'e sometimes 
complicated by diabetes. Riissi et al. (1945) found that dia- 
betes occurred five times as frequently in subjects with cor- 
tical adenomas as in a general group of 9000 autopsies. Sprague 
et al. (1943) report a case of tumour of the adrenal cortex in 
which the complicating diabetes was cured following extirpa- 
tion of the tumour. Diabetes is sometimes seen in patients with 
a pheochromocytoma. Duncan et al. (1944), Green (1947) and 
Goldner (1947) report such cases in which the diabetes dis- 
appeared following removal of the tumour. 

Sprague et al. (1948) describe a case of assumed »steroid 
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diabetes^, associated with Cushing’s syndrome, in a 14-year- 

old boy. , 

On the other hand, diabetes and Addison s disease may be 

found in the same patient. According to Feldman cl al, in 
1947 16 cases showing this combination were on record. An- 
other case is reported by Ernbevg (1947), and, recently, 
Knowlton & Kritzler (1949) found reports of 22 instances of 
this combination in the literature. Either of these diseases 
may be the first to appear. 

It is generally agreed that the incidence of diabetes is 
greater among patients with hyperthyroidism than in the po- 
pulation as a whole. That hyperthyroidism greatly aggravates 
a preexisting diabetes is a well known fact. On the other hand. 
Weinstein (1932) helievcs that diahetes is particularly rare 
in myxoedema, but this is denied by Shepnrdson A* Wener 
(1934). Wilder el al. (1934) report a case in which removal 
of a morphologically normal thyroid gland markedly increased 
the glucose tolerance of a patient with severe diahetes. The 
increase in tolerance roughly paralleled the decrease in the 
metabolic rate. Similar observations have been reported by 
Thiine Andersen (1933). 

Only inconclusive evidence exists regarding the significan- 
ce of the parathyroid glands in human diabetes (Olmer dc 
Paillas, 1936, and Ziinz <C* La Barre, 1933). The j)rol)lcm of 
the function of the gonads in human diabetes Avill be con- 
sidered later. 

There is very little histological work on the endocrine 
glands in diabetes. In 1914, Fri) described in pilnilai'y glands 
from diabetics I) an increase in the chromophile ceils: 2) con- 
version of chromophile granular cells into colloid or granular 
masses; 3) areas of degeneration whicli may be of such size 
that few of the cellular elements remain in the anterior lol)c. 
Examining the endocrine glands of diabetics, Kraus ( 1 903 ) 
found the pituitary gland to l)c smaller than normal, with a 
reduction in the number and size of the acidophile cells, while 
the chromopholic cells were iircsenl in increased numlier. The 
adrenal glands were smaller than normal in young subjects. 
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but, on the contrary, larger than normal in older ijeople. The 
thyroids showed various changes, but not in any definite di- 
rection, while the parathj’^roids were remarkably small. Re- 
garding the gonads, a few men showed decreased spermatoge- 
nesis, and, in women, the ovaries, in some cases, presented 
deficient follicular ripening. 

OWN INVESTIGATIONS 

The scope of the present work was to investigate whether 
non-selected clinical cases of diabetes, submitted to a special 
examination showed any signs of abnormal functions of the 
endocrine organs apart from the pancreas. Of course marked 
endocrine disturbances were not to be expected, but it ap- 
peared possible that the clinical and laboratory findings might 
support, or be inconsistent with the endocrine etiologies sug- 
gested by animal experiments and bj' the occasional cases 
seen in human pathology. 

In the period from May 1947 to August 1948 107 diabetic 
in-patients in the Medical Department of the City and County 
Hospital in Odense were examined. This hospital is the centre 
of medical treatment in the northern part of the island of Fyn 
in central Denmark. The district served, covers an area of 
1144 square km, with a population of 168000, 100000 of these 
living in the City of Odense, and the remainder partlj" in smal- 
ler towns, partly in the country. Practically all inhabitants 
are of Danish origin, foreign immigration being insignificant. 

The patients included in the investigation were questioned 
with special reference to signs of endocrine disorders in the 
history. A clinical examination was performed and the height, 
weight, blood pressure, blood sugar, basal metabolic rate, total 
serum cholesterol and serum calcium were determined. Urine 
analj'ses were made, the sella turcica X-rayed, the eyes were 
examined and in more than half the cases the urinary hormo- 
nal excretion was estimated. 

Statistical evidence. 

One woman had a basophile adenoma of the pituitary 
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gland. Because of the probable special etiology in this case 
il is omitted in the final analysis. Of the remaining 106 dia- 
betics, 45 were males, 61 females (42 and 58 per cent respec- 
tively). 31 males and 34 females received insulin treatment. 

As the sex distribution, married or unmarried slate, age 
at the beginning of the disease, and height and weight mea- 
surements are considered important in the subject under dis- 
cussion, these results were obtained from all diabetics treated 
in the department in 1945 and 1946 and have been added to 
the data, thus bringing the number of diabetics investigated 
up to 241. This allowed of a more reliable statistical analysis. 

Of the total number of 241, 102 were males, 139 females 
(42 and 58 per cent respectively), exactly the same proportion 
as in the cases specially examined. 


Table I . 

241 cases of diabetes meliitus, grouped accordiiig io ago at llic be- 
ginning of (he disease. 




I Total pojmlation 

I Diabetics per 1000 
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cT 6 

0* 6 


0 — 9 

15 
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13129 

1.3012 

1.1 

1.1 
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15 
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1.1 
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13 

9 

14845 

147.94 

0.9 
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30-39 

19 

9 

13794 

13020 

1.4 

0.7 
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12 

10 

10384 

10971 

1.2 

1.4 
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17 

33 

8291 

8249 

2.0 
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00-69 
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7 

4 

33 
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3050 

5684 

4294 

1.3 

1.1 

5.0 

1.0 
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13.9 

84002 

81007 





Agent onset of fl.e disease is seen in Tnl>lc 1. Kvidentlv 
figures must ire seen in relation to tlic size of the various 
nge groups in the general population. This is don i v Z 

ng the numbers of hospitalized diabetics per IflOo'inbabt 
tants in each age decade Thin nf i " 
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creted as 17-ketosteroids only to a very slight extent (2 3 

per cent). 

6) An inhibition of the hypophyseal corticotrophin and 
gonadotrophin secretions, as reflected in subnormal 17-KS 
values after cessation of testosterone administration, was 
noticed in several instances. 

7) The 17-ketosteroid analyses must be regarded as an 
important help in arranging therapy with testosterone pro- 
pionate for individual subjects. 
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times that of svomen at the age of 20 to 40 years In the oldest 
age groups the morbidity again decreases ni both sexes. 

The average height and weight of 78 d.abehc men over 20 
years of age were 171.2 cm and 78.B kg. The corresponding 
values of 107 diabetic women were 157.7 cm and 68.1 kg. These 
figures may be compared to those found by Schmidt (19-9), 
who measured 218 male and 215 Danish (psj^chiatiic) pa 
tients. The average values found by Schmidt for height and 
weight were respectively 169.62 + 0.48 cm and 67.38 + 0.82 kg 
in men and 157.24 ± 0.41 cm and 60.20 ± 0.92 kg in w'omcn. 
Thus the height of adult diabetics did not significantly differ 
from the values found by Schmidt, while the weight wms sig- 


nificantly higher. The weight distribution curve is asymme- 
tric, deviating towards the overweight side, but showing only 
one maximum. The mean ages of Schmidt’s patients %vere 
43.6 and 47.6 years, while the mean ages in the present cases 
of diabetics were 49.5 and 54.6 years, in men and women re- 
spectively. This difference of age, however, onlj' accounts for 
an increase of weight of 1 kg. at most, according to standard 
height and weight tables. 

Admittedly, measurements on psychiatric patients cannot 
be considered identical with the values found in the norma! 


population, but similar figures from Danish »normal patienls« 
do not exist (measurements on recruits or on special classes 
of the population cannot he used). 

Of the total of 102 men and 139 women, 68 per cent of the 
men and 74 per cent of the women were married or had been 
married previously. Of the general population in 1940, 48.9 per 
cent of the men and 53.3 per cent of the women were married 
or had been married previously. The difference between the 
diabetics and the general population with regard to marriage 
must be considered significant. An e.xplanntion of this is en- 

{ f distribution of dia- 

^ --t 

De taken into consideration (cf. Joslin, 1946). 

whio!'" deduced from the 106 patients 

which were specially examined. 
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Sex glands. 

With regard to sex function the most prominent symptom 
in tile male diabetic is a lack of libido and a decrease in sexual 
potency. 17 of 19 patients questioned on this point showed 
these symptoms. It may be present even in well controlled 
diabetes, and once established it may continue in spite of ade- 
quate treatment of the diabetes. 

20 diabetic men over 45 years had a total of 75 children 
or 3.8 each. 

In women menstruation was as a rule not disturbed. Only 
one woman had had periods of amenorrhoea before the ap- 
pearance of diabetes. Two had undergone radio-therapy for 
cancer of the uterine cervix. The menarche occurred at an 
average age of 14.6 years (50 cases), ranging from 12 to 20 
years, while the menopause took place at an average age of 
47,6 years (33 cases), ranging from 40 to 55 years. The values 
must be considered normal for Danish women. 

In 30 of 61 women the diabetes appeared after the meno- 
pause. As seen from the diagram, there is no marked increase 
at the time of the menopause, the highest incidence being 
found later. Nor is there any marked increase of cases around 
the menarche. 

34 women, who had passed the menopause at the time of 
examination, had borne a total of 154 children, or 4.5 each, 
and had 12 abortions. Only one of these 34 women had never 
given birth to a child. 

Analysis of the urinary hormonal excretion was carried 
out in 28 men and 28 women (Table 2). The results were as 
follows : 

The excretion of gonadotrophic hormones was within the 
normal limits in both sexes, being in nearly all cases lower 
than 50 m. u./24 hours. The excretion of oestrogen was also 
without any definite abnormality, though 9 out of 20 men 
excreted less than 20 m. u./24 hours. In most of the women 
the excretion of oestrogen was normal for the particular age. 
Only one, 34-years old, sexually mature woman, excreted no 
oestrogenic hormone. The patient had had a mild pulmonary 
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Table 2. 

Urinary hormonal excretion per 24 hours in diabetics. 


Men 


Women 


Nr. 


Age 


gona()o- 

trophin 

M.U. 


oesfro- 

gens 

M.U. 


17-ke(o- 

sfero- 

ids 

mg. 


Age 


gonado. 

Irophin 

M.U. 


oestrogens 

M.U. 


17-kelo- 

.steroids 

mg. 


5 23 

6 30 

7 34 

8 35 

9 35 

10 39 

11 39 

12 40 

13 40 

14 45 

15 46 

16 47 

17 49 

18 49 

19 51 

20 55 

21 59 

22 59 

23 61 

24 62 

25 63 ca. 



0.5 

1.0 
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8 
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<50 


3.0 

12 

<50 

8.0 

14 

<50 

6.5 

* 18 

ca. 50 

3.5 

* 19 

<50 

15.0 

27 

ca. 50 

1.5' 

■ 31 

<50 

37.0 

32 

<50 

5.0 ‘ 

33 

50 

8.5 

39 

<50 

3.0* 

40 

<50 

5.0* 

43 

>50 

8.5 

47 

<50 

9.0 

56 

50 

• 

58 

<50 

5.5 

60 

<50 

3.5* 

61 

<50 

4.5* 

63 

<50 

9.5 

63 

<50 

5.5 

65 

<50 

7.0 ^ 

67 

<50 

9.0 

68 

>50 


<50 

>50 

<50 

<50 

<50 


0 

<20 
ca. 10 
ca. 10 
> 20<200 
ca. 100 
> 20<200 
ca. 100 
> 20<200 
0 

>20<200 
>20<200 
>20<200 
>20<200 
ca. 20 
>20<200 
0 

ca. 10 
> 20<200 
<20 
<20 
0 

<20 
ca. 10 
0 
0 

>20<100 
<20 


0.2 

4.5 
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6.5 

6.0 
6.0 

6.5 
2 . 0 * 

3.5 


3.0 

7.5 

3.0 

3.5 
3.0 

3.0 

2.0 


4.0 


Figures marked with an no+ ~i ^ — — — — 

17-ketosteroid excretion. Normaf decreased 

l^-^-tosteroids sefp"n 

r State Serum iLt! tute r 

the supervision of C. Hamhnr ^ under 

endocr/noi. Voi. 2. IV ««mburger, M. D. 


26 



® 40 «0 ?0 «0 80 0 >0 iO )i 40 00 80 70 80 »0 

Fig. 2. 

Excretion of 17-ketosteroicls in 26 male and 19 female diabetic 
subjects. The black line shows the average output in normal subjects, 
and the stippled area gives the zone within which 97—98 per cent 
of normal values are falling, according to Haviburger (1948). 

Ordinates: mg/24-hours. Abscissae: age of the subject. 

tuberculosis, but did not show any signs of hormonal dysfunc- 
tion clinically. 

The excretion of 17-ketosteroids was different in the two 
sexes (Fig. 2). Seven out of 26 diabetic men showed an excre- 
tion of 17-ketDsteroids less than was found by Hamburger 
(1948), in 97 per cent of normal men, though the same tech- 
nique was used. All men with such abnormally low excretions 
were between the ages of 20 and 50. If only this particular age 
group is considered, then the deviation is still more marked, 7 
of 13 subjects showing this low excretion, and 4 of the re- 
mainder being below the average. On the other hand, one 35- 
year old man showed an abnormally high excretion of 17- 
ketosteroids at the time immediately following a severe coma. 
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Further investigation of this case was impossible, as the 
patient was unwilling to continue his stay in the hospital. 

In children, old people and in women, the excretion of 17— 
ketosteroids appeared within the normal limits, though not 
very high in the 4 middle-aged women in whom the analysis 
has been performed. The one woman with the abnormally low 
ketosteroid excretion was the same patient, who did not ex- 
crete any oestrogen. 

Hypophysis. 

X-ray examination of the sella turcica was performed in 
40 men and 54 women. In no case was any definite enlarge- 
ment found, nor were there any signs of other pathological 
changes, apart from partial or complete closure of the sella 
in four cases, due to calcification of the diaphragma sellae. 
In no case did the eye examination reveal any signs of intra- 
cranial tumour. No clinical signs of acromegaly were found 
in any case. 

That the urinary gonadotrophin excretion was normal (i. e. 
not increased) in both sexes has already been mentioned. 

Thyroid gland. 

Enlargement of the thyroid gland was found in three cases, 
one case of exophtalmic goitre, and two cases with a non- 
toxic goitre. All these patients were women. Another woman 
was treated with methylthiouracil for hyperthyroidism; she 
had no goitre. 

Adrenal glands. 

In no case was any definite sign of adrenal disease found. 
The hair growth was normal, and there were no cases of 
marked hypertrichosis. »Bearded women« were found no more 
frequently among diabetics than in the general population. 
The 17-ketosteroid excretion is considered to be mainly of 
adrenal origin in women, and in children and old people of 
the male sex; as already stated the 17-ketosteroid excretion 
was m these groups within the normal limits. 


26 * 
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Parathyroid glands. 

Serum calcium determinations were carried out in 101 
cases. The values varied from 8.3 mg per 100 ml. to 12.5 mg 
per 100 ml. with the majority around 10.0 mg per 100 ml. 
Seventy-one of the 101 values found were between 9.7 and 
10.6 mg per 100 ml. The result does not suggest any abnor- 
mality of the parathyroid function in diabetes mellitus. 

Basal metabolic rate. 

The total basal metabolism was determined by the ap- 
paratus of Krogh. The determinations were carried out in the 
morning, after 14 hours’ rest, and before giving food and in- 
sulin. No special diet was given, the patients being on the 
diet considered adequate in each case. A total of 272 deter- 
minations were made on 36 men and 47 women. The average 
basal metabolic rate was 109.6 + 1.7 per cent in men, and 
110.8 + 1.6 per cent in women. The average basal metabolic 
rate is thus apparently slightly but significantly raised under 
these conditions. 

These results, which are based on the oxygen consumption, 
are in complete agreement with those found by Joslin (1937) 
before the introduction of the undernutrition treatment (-j- 
12 per cent), and by Holten (1925) (+ 10.2 per cent). 

Total serum cholesterol. 

Determination of total cholesterol was carried out in 42 
men and 59 women. The values varied from 42 to 470 mg 
per 100 ml. If, according to Hunt (1940) 230 mg per 100 ml. 
is considered the upper limit of the normal, 15 of 42 men 
and 30 of 59 women showed abnormally high values (36 and 
51 per cent respectively). The percentages for men and women 
over 50 years were still higher, 44 and 59 per cent respectively. 

DISCUSSION 

The remarkably low urinary excretion of 17-ketosteroids, 
which is found in diabetic men of middle age, and to a lesser 
degree in women but not in children or in old people suggests 
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an inhibition of the function of the testes, since the 17-keto- 
steroicl excretion in adult men is partly of testicular and 
partly of adrenal origin, while in women, children and old 
people it is mainly derived from the adrenals. Should further 
work support these results (and continued investigations have 
so far confirmed them), we may see in this finding an ex- 
planation of the impotence so common in diabetic men. In 
contrast to this, menstrual irregularities are nowadays un- 
common in Well controlled diabetic women. This is in agree- 
ment with the normal oestrogen excretion found in diabetic 
women. 

The above results are in accordance with the findings of 
Miller & Mason (1945). These authors noted that diabetic pa- 
tients of all ages excreted a smaller amount of 17-ketosteroids 
than do normal persons. The trend toward a lowered excretion 
was most marked in men but was also found in women. 

White (1946) observed a tendency to higher 17-ketosteroid 
excretion in diabetic children than in normal controls. 

While older statistics on sex incidence in diabetes inva- 
riably show the disease to be more common in men than in 
women (e. g. v. Noorden, 1917) this seems to be reversed in 
modern times. This trend has been noted in the United States 
by Joslin (1946), in Norway by Hansson (1947) and is also- 
found in Sweden {Dahlberg et ah, 1947). Joslin believes that 
the reason for this is that women can more easily obtain ade- 
quate treatment, because of the higher appreciation of women 
in modern communities. Another explanation may be sought 
in the present increasing average duration of life. The high 
incidence of diabetes in women is particularly marked in the 
seventh decade, while the difference between men and women 
with regard to the incidence of diabetes is only slight during 
the first six decades as a whole. 

The varying diabetic morbidity in women during life is 
another conspicuous fact. In childhood, the morbidity is the 
same in the two se.xes, between 20 and 40 years the incidence 
m ^vomen is lower than in men, while the female sex is pre- 
dominant among diabetics over 40 years, with a maximum in 
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the seventh decade. In still older people the morbidity de- 
creases in both sexes. This peculiar distribution, which is 
practically the same as that found by Joslin (1937) in a very 
large number of cases, suggests the possibility that the female 
sex hormone protects to some extent against diabetes. 

Some reports concerning the effects of oestrogens on dia- 
betes have accumulated in the literature. Several workers re- 
port alleviation of menopausal diabetes in women following 
oestrogen treatment, with decreasing glycosuria and lower in- 
sulin requirement (Cantilo, 1941; Gessler et al., 1939; Gitlow 
& Kurschner, 1943; Mazer & Israel, 1937; Morton & McGavack, 
1946; Seboene, 1940; Spiegelman, 1933; Thaddea & Hampe, 
1940). Negative results have also been reported (Collens et al., 
1936; Kaiifmann, 1929; Lawrence & Madders, 1941). Con- 
flicting evidence has also been obtained in animal experiments 
{Barnes et al., 1933; Ingle, 1941 b; Nelson & Overholser, 
1929; Young, 1941 a; Zunz & La Barre, 1939; Foglia et al., 
1947). The question cannot as yet be considered as decided. 

A hjfpothctically abnormal pituitary activity might reveal 
itself in the gonadotrophic hormone excretion, enlargement of 
the sella turcica, growth abnormalities and in the basal meta- 
bolic rate. None of these findings have shown any definite 
signs of pituitary involvement in the disease. The sella turcica 
and the urinary gonadotrophic excretion was normal. The 
skeletal growth, as measured by the body height, was normal. 
The frequently increased height of the prediabetic child, de- 
scribed by White (1927), or the tendency to dwarfism some- 
times noted in diabetes in children are not reflected in the 
average height of the usual diabetic. 

The slightly raised basal metabolism is evidence that the 
condition is not similar to pituitary basophilism, since the 
basal metabolic rate is usually lowered in Cushing s disease. 
It might be compatible with a hyperactivity of the acidophile 
cells of the pituitary gland, but it could of course be explained 
in several other ways. Whether it is due to thyroid hyper- 
activity is unknown. 
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SUMMARY 

A total of 107 non-selected consecutive cases of diabetes 
inellitus were examined with reference to the functions of the 
endocrine glands. The results were as follows: 

The incidence in men was found to he approximately the 
same during the various stages of life, with the exception of a 
moderate increase in the sixth decade. In contrast to this, 
the incidence in sexually mature wmmen is lower than in men 
of the same age, while in the more advanced years the inci- 
dence in women greatly surpasses that in men. This suggests 
that the female sex hormone may to some degree protect 
against diabetes. 

The urinary excretion of 17-lietosteroids was extraordinary 
low in men between 20 and 50 years, low but within normal 
limits in women of the same age, and normal in children and 
old people. It is considered likely that the excretion of 17-keto- 
steroid of testicular origin is particularly decreased in male 
diabetics of middle age, thus giving an explanation for the 
impotence so common in these patients. The excretion of go- 
nadotrophin and oestrogen \vas normal in both sexes. 

No definite signs of abnormal pituitary, thjuoid, parath 3 ^- 
roid or adrenal activity were revealed. 
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From Organon Laboratories, Oss, Holland. 

THE EFFECT OF SEX HORMONES IN SOME 
ORGANIC SOLVENTS, EMULSIFIED 
IN WATER 

BY 

J. LENS, G. A. OVERBEEK and J. POLDERMAN 

The introduction of a new dispensing form of the sex hor- 
mones needs justification by powerful arguments in its favour. 
The classical solution in oil is widely used and oil can be 
said to he a fairly satisfactory medium to which every phy- 
sician is now accustomed. The main disadvantages are two- 
fold. Firstly, the difficulties inherent in the injection of oil, 
necessitating the use of rather thick needles, the discomfort 
the injection of oil may cause, and the difficulty of cleaning 
the syringe after use. Secondly a long lasting effect not 
obtainable with oil solutions is desirable in many cases. Im- 
provements have been sought mainly for this reason. 

The esterification of testosterone and oestradiol was a first, 
though not fully successful, step in this direction. Pellet im- 
plantation, introduced by Deanesly & Parkes (1937), though 
giving a satisfactorily prolonged action, calls for a minor 
operation with accompanying discomfort to the patient. 
Furthermore, the daily dosage is constant and cannot be mo- 
dified should the need arise. The pellets may be expelled or 
capsule formation cause insufficient absorption. According 
to Hartman (1940) »the method is especially applicable where 
small amounts of hormone over long periods of time are 
desired«. Suspensions of crystalline hormones in water {Freed 
& Greenhill, 1941) have been investigated, with the impression 
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that the duration of effect of the hormone lies somewhere 
between that of the oil solution and of the implantation pel- 
lets The duration of action is correlated to the size of the 
crystals [Meier & Gasche, 1946), but Joel (1948) considers 
that there is a limit to crystalline size because over a certain 
mesh injection of the suspension is painful. Control of crystal 
size is thus of importance. From our own experience we 
know that the crystals in such a suspension easily aggregate 
to larger clusters adhering to the walls of the container. These 
clusters may be so large as to clog the needle during injec- 
tion, and in any case make the injection painful. These latter 
disadvantages of crystalline suspensions can be met to a large 
extent by their ad hoc preparation, as described by Zondek 
& Rozin (1948). 

Wishing to go a step further our object has been to allow 
the crystals to form in the tissues rather than in the syringe. 
This effect can be obtained in the following way: 

The addition of a sufficient amount of some inert material 
to the crystalline hormone has the effect of lowering the 
melting point of the crystals to room temperature so that a 
very strong solution is formed. This solution can be emulsified 


in water with the aid of detergents. If the added solvent has 
a much greater solubility in water than the hormone it will, 
after injection, rapidly dissolve in the tissue fluid leaving a 
deposit of the active agent. 


The solvent used for lowering the melting point should 
have certain special properties, and the choice from among the 
many existing solvents is therefore considerably limited. It 
should be an extremely good solvent for the hormone. It .should 
he almost immiscible with water, yet its solubility in water 
should be greater than that of the hormone. (Both these re- 
quirements exclude oil). It should bo non-volalilc (so as to 
le stenhsable by heat); it must be non-toxic. We have found 
benzyl alcohol well suited for this purpose. Most of the 
steroids dissolve extremely well in it though a few require 
a ded salol or camphor to lower the melting point of the mix- 
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EXPERIMENTAL 

This paper describes the results obtained with oestradiol 
monobenzoate and testosterone propionate. 

Preparation of the emulsions. 

50 gm. of testosterone propionate and 50 gm. of benzyl 
alcohol are mixed, the resulting solution shaken with a glycine 
buffer saturated with benzyl alcohol. The volume of the sus- 
pension should he 1 litre. Some »Tween 80« is added to sta- 
bilise the emulsion and glucose to make it isotonic. 10 gm. 
of oestradiol monobenzoate and 50 gm. of benzyl alcohol are 
mixed with 20 gm. of salol. The resulting solution is emulsified 
in the same way and to the same volume as in the case of 
testosterone propionate. 



Fiff. h 


Crystals in the muscle of a rat, which had been injected with 0.2 ml 
of an emulsion of testosterone propionate on the previous day. 
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Properties of the emulsions. 

The emulsions have a milky appearance. They can be ste- 
rilised by heat. If the emulsion breaks down after heating or 
prolonged standing it can be reconstituted simply by shaking 
the ampoule. When the emulsion is diluted with water the 
benzyl alcohol dissolves, leaving a suspension of crystals. As 
solubility of benzyl alcohol in water is about 40 mg. per ml., 
dilution of these emulsions with an equal volume of water or 
serum results in the formation of a crystal deposit. This oc- 
curs also in vivo and Fig. 1 shows crystals in the muscles 
of a rat which had been injected with 0.2 ml. of an emulsion 
of testosterone propionate on the previous day. There is, how- 
ever, no risk of precipitation in a water-wet syringe so long 
as the amount of water present is not excessive. 
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Pharmacological activities. 

a. Testosterone propionate. 

A comparison has been made of the biological activity of 
5 mg. testosterone propionate, as dissolved in oil, as an 
emulsion and as a crystal suspension. The method used is 
the measurement of the growth of capons’ combs after one 
intramuscular injection of each material. The results of 
two experiments each on groups of six animals are shown 
in Fig. 2. In the first experiment lasting 64 days the 
crystal suspension was prepared ad hoc. In the second ex- 
periment lasting only 39 days a commercial crystal sus- 
pension was used. The results show that the effect of the 
emulsion is much the greater and the more persistent. So 
great was the increase in the comb area as a result of the 
emulsion that it became impossible to measure with our 
photo-electric method, and the peak of the effect was 
greater than appears in the graph. The highest values 
quoted are understatements. 

b. Oestradiol monobenzoate. 

Similar experiments were performed in ovariectomized rats 
injected with oestradiol monobenzoate. The criterion was 
the duration of oestrus after subcutaneous injection of 
0.5 mg. of the substance as dissolved in oil, as an emulsion 
and as a crystal suspension, A crystal suspension of oestra- 
diol and an emulsion of diethylstilboestrol were also com- 
pared. A group of 6 animals was considered to react posi- 
tively when 67 percent showed oestrus. The results are sum- 
marized in Table 1. A first experiment using the emulsion 
and a crystal suspension of our own manufacture, botli 
of oestradiol benzoate, caused a much more prolonged 
oestrus than either the oil solution of oestradiol benzoate 
or the crystal suspension of oestradiol. In a second ex- 
periment in which a commercial crystal suspension was 
used, the activity of both the emulsion and the crystal 
suspension again proved to be much better than that of the 
oily solution. These experiments were complicated by the 
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Nr. of 
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crystal suspension 
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G 

r> 



oesfradiol crystals 
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II 

emulsion 

12 

7 



crystal suspension 
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solution in oil 

11 

1 
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emulsion 

11 

:l 



The oestrogenic effect of ocstracliol nionobenzonte in diffenMit nieilin 
in castrated rats. Total dose in all series 0.5 mg. .-\s a ctniipari.^on 
oesfradiol crystals arc included. 


fact that not all the animals in the groui)S treated with 
the emulsion and the crystal suspension attained a full 
anoestrum. They remained in met- or ])ro-oe.strns or even 
attained a renewed stale of full oestrus. This was not the 
case with the animals treated with the oily solution or with 
the stilhoestrol emulsion. This peculiar phenomenon will 
be the subject of further investigations. 


c. Toxiciiij. 

Toxicity of 11.0 emulsions wns studied in ruts, dons vds 
rogs. raw, Its and man. &|,crinienls wore [.erformed wilt,’ 
2 of enudsion, one wit,. „„d „.e „„.er wiiho.d sWw! 
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Groups of 4 male and 4 female rats with an initial body 
weight of 35 — 40 gm. were injected subcutaneously with 
0.25 ml. of the emulsion, without hormones, daily for a 
period of 6 weeks. A third group received 0.09 per cent 
of a saline solution. The average weight increase in the 
groups was as follows; 

Saline injected — 90 gm. — none dead. 

Emulsion with salol — 80 gm. — one dead 

Emulsion without salol — 85 gm. — two dead. 

Ihe differences in weight of the three groups are probably 
insignificant. A few deaths occurred after about 4 weeks 
of treatment, and are probably accidental, the other ani- 
mals remaining in perfect condition. No local effects were 
observed, excejjt slight hardening of the skin at the site of 
injection. 

One dog was injected intramuscularly with 1 ml. of the 
emulsion containing salol, and another dog with 1 ml. of 
the emulsion without salol. No local or general reaction 
was observed. 

Injection of 0.5 ml. into the ventral lymph sac of frogs 
caused the death of all the animals within 15 minutes. 0.2 
ml. caused death in all the frogs injected with the emulsion 
containing salol and in 3 out of 5 frogs injected with emul- 
sion without salol. 0.1 ml. of both emulsions was tolerated 
by two groups of 5 animals. All the frogs used were rather 
small, their body weight varying from 10 to 30 gm. 

The local effect was studied by sub-conjunctival in- 
jection (6 animals) or injection into the anterior chamber 
of the rabbit’s eye (2 animals). Some swelling and hyper- 
aemia occurred, but were not more marked than after 
similar injection of innocuous solutions. The effect was 
transitory, maximal reaction occurring after about 6 hours. 
Hardly any reaction could be observed after 24 hours and 
the effect had entirely vanished after 48 hours. The emul- 
sions containing salol caused the same reactions as those 
without salol. 
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Finally, 1 ml. was injected intramuscularly into 6 men. No 
pain and no local or general reactions were observed. 

DISCUSSION 

These experiments show that in animals the activity of 
testosterone propionate and oestradiol inonobenzoate as emul- 
sions is definitely not lower and probably higher than that of 
crystal suspensions of the same substance, and the effect of 
the emulsions is superior to that of the corresponding solu- 
tions in oil. These results warrant clinical experiments with 
these emulsions, particularlj' because their administration of- 
fers technical advantages over both crystal suspensions and 
oil solutions. From the toxicity experiments it is clear that 
a daily dose of 2.5 to 5.0 ml. per kg. is not toxic in rats in 
experiments lasting 6 weeks. The same dose per kg. is not 
toxic in frogs either. The amount of emulsion administered 
to patients would normally be as little as 1 ml.; larger volumes 
will seldom be required. There is no reason to fear any un- 
toward effects whatever from such an injection. No increase 
in the duration of action of diclhylslilboestrol results from its 
administration in the form of an emulsion. The reason for this 
is still obscure. The differences in the effects of suspensions 
of oestradiol and oestradiol monobenzoate bear a superficial 
resemblance to the differences between the corresponding oil 
solutions, but the mechanism involved may be quite different. 

The principle used in the preparation of these emulsions 
can be extended to other steroid hormones, such as desoxy- 
corticosterone acetate and progesterone. Experiments with 
these substances arc in ])rogress, and the results will be re- 
ported in due course. 


SUMMAHV 

Emulsions of testosterone propionate and oestradiol ben- 
zoate have been prepared from their solutions in benzyl al- 
cohol. In animal experiments these emulsions produce effects 
comparable to or even better than those of crystal suspensions, 
effects having a much greater duration are obtained with these 
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emulsions than with solutions in oil, and the disadvantages 
of the administration of oil solutions are avoided. 
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